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SUMMARY PAGE

THE PROBLEM

Airsickness in Naval Flight Officer (norpilot) training squadrons
can be considered to be a significant biomedical risk having both direct
and indirect influence on the cost of training aircrew personnel. During
flight, airsickness can degrade student performance and sometimes neces-
sitate repeat hops to achieve training objectives. Additional dollar
costs also result when students attrite because of airsickness, with
these costs rising rapidly when the attritions occur late in the training
program or even later in fleet assignments. Currently, there are few
operational data available to describe either the actual incidence or
resulting costs of the airsickness risk in these squadron=, and hence,
there is insufficient information available for flight surgeons and
medical boards to make decisions concerning disposition of airsick
individuals. In addition, validated biomedical tests of motion sickness
susceptibility to screen and select aircrew candidates best suited for
fleet assignments involving different degrees of motion stress are not
yet available.

FINDINGS

A longitudinal study has been initiated of airsickness problems in
the primary, secondary, and type-specific fleet readiness (RAG) squadrons
comprising the complete Naval Flight Officer (NFO) Training Program.
flight performance data, based upon both instructor and student judgments
of airsickness severity, are being collected in the primary and secondary
squadrons on an individual-student basis. In addition, a large segment

of the sample population has been exposed to several prototype laboratory
tests of motion sensitivity which will be related to the subsequent
flight data. The data will define the incidenre and severity of airsick-
ness in the individual squadrons, and also serve as operations-based
validation criteria for establishing the relative merit of the different
components of the laboratory test battery.

This report deals with airsickness incidence in the current flight
syllabus of Squadron VT-10 where all NFO students receive their primary
training. A previous report described the airsickness problem for the
same squadron flying a different syllabus which was changed to its
pre.ent form in 1979. Flight data collected from 5,365 hops flown by
388 students in the nw syllabus indicate that airsickness occurred on
approximately 23 percent of the total hops flown, vomiting occurred on
ii percent of the total, and performance degradation caused by airsick-
ness occurred on 15 percent of the total. Approximately 81 percent of
students reported being airsick on at least one flight, 53 percent
reported vomiting on ie or more flights, and 67 percent considered
their inflight performance to have been degraded by airsickness on one
or more hops. These figures indicate a slightly higher incidence of
airsickness In the current, as compared to the previous, flight syllabus
of this squadron. As with the previous VT-1O report, the results of
several brief motion reactivity tests to which a large segment of the

ii



population was exposed are presented aixd various comparisons made between
different student subpopulations based upon the flight and laboratory
test data.
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INTRODUCTION

This is the fourth in a series of research reports dealing with a
longitudinal study of airsickness in Naval Flight Officer (NFO) students
being trained for a variety of nonaviator flight assignments in fleet
squadrons. The study, described in detail in the first report (3) of
the series, was designed to inve.6Zigate the incidence and severity of
airsickness experienced by a sample of the NFO population on an individual-
student basis as they progress through the basic (primary level), adN anced
(secondary level), and fleet readiness (commonly referred to as RAG)
squadrons comprising the NFO training syllabus. The study also relates
the airsickness data collected in the flight environment to the perform-
ance of the students on several motion reactivity tests which were
presented to a large segment of the total sample population prior to
their beginning flight training. The long-term objective here is to
utilize the Inflight airsickness data as validation criteria to measure
the relative effectiveness of the motion reactivity tests in identifying,
on an a priori basis, both those students who are highly susceptible to
airsickness and those students who rarely experience the problem. The
inflight airsickness data thus serve this test validation function as
well as defining the magnitude of the airsickness problem within each
training squadron.

In the first report of the series (3), airsickness data were presented
for 408 NFO students receiving basic/primary training in Squadron VT-10.
That student group flew a total of 5,394 documented hops in L flight
syllabus composed of 18 separately identified hops. Midway in the
study, the Squadron VT-10 flight syllabus was restructured and expanded

to 20 hops. This report deals with the airsickness reported by a second
NFO student population (388 students) receiving basic training in the
same squadron but under the new (current) flight syllabus conditions.
The statistical tests used to analyze the airsickness data are, in
general, identical to those used in the first report. The intent of
these tests is to give preliminary insight into the relative strength of
different flight and laboratory response measures in identifying differ-
ences that may exist between different student subpopulations. To
facilitate reader comparison of the results associated with the new and
old Squadron VT-1O fligit syllabus, the layout of the associated statis-
tical tables and figures presented in this report closely duplicates
the tables and figures of the first report. The reader is also referred
to the first report for many of the procedural and analytical details
not presented in this follow-up report.

PROCEDURE

A block diagram of the different training pipelines currently
followed by NFO students before assignment to the fleet squadrons is
presented in Figure 1. This report deals with the airsickness problem
in Squadron VT-l0 where all NFO students receive their basic/primary
flight training. In this squadron, students are trained in both T-2 and
T-39D aircraft (photographs of which are shoy.,n in Figure 2), with the
majority of the hops involving the former aircraft. During training in
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VT-lO, the student population is divided into two different groups: One
group is selected 'or assignment to the Mather Air Force Base (MAFB)
Advanced Training Squadron. That group flies only the eight basic
training hops identified as B1 through B8 in Figure 1 (see Appendix A
for a brief description of each individual hop comprising the VT-10
syllabus) before being assigned to MAFB for navigator training. The
second group flies the same eight basic training hops plus twelve addi-
tional intermediate training hops identified as Il through 112. The
assignment of this latter group to a specific advanced training squadron
does not occur until completion of the entire 20-hop syllabus in VT-IO.
This group then follows one of three different advanced training pipe-
lines identified as VT86-AJN, VT86-RIO, and ATDS in Figure 1. Upon
completing advanced/secondary training, all students receive additional
type-specific training in fleet readiness squadrons (commonly referred
to as RAG squadrons) before being assigned to an operational fleet
squadron.

To document thie incidence and severity of airsickness experienced
by the VT-10 students, the twosided questionnaire developed for the
initial study (3) was again used. One questionnaire was completed for
each hop flown, with separate sections provided for student and instructor
evaluations of the student's airsickness reactions. Upon completion of
his questionnaire, the student folded and sealed the form so that the
instructor's ratings were made independently. For the student question-
naire, the key elements were four forced-choice ratings of airsickness
experienced during the flight, number of times vomiting occurred, flight
performance degradation as a result of airsickness, and any nervousness
experienced before or during flight. A fifth item requested a yes or no
answer concerning the use of airsickness medication on the hop. The
instructor also provided ratings of the same four airsickness, vomiting,
performance degradation, and nervousness parameters rated by the student.
In addition, the instructors were asked to rate the roughness of flight,
i.e., atmospheric turbulence or pilot technique, encountered on the hop.

The motion reactivity test data presented fcr this population of
students were collected prior to the time the students began their NFO
training in Squadron VT-10. Brief descriptions of these tests are
provided in Appendix B, with related references that provide more detailed
information on test techniques and procedures. The general methods used
in the computer storage of these motion reactivity test data and the
related flight airsickness data are outlined in the first report (3) of
the series.

RESULTS AND DISCUSSION

A total of 5,365 validated airsickness questionnaires involving 388
VT-1O students were collected during this phase of the longitudinal
study. As indicated in Figure 1, of the total of 388 students for which
flight data were availablc, 300 (77.3 percent) graduated from Squadron
VT-10, with 69 (17.8 percent) receiving advanced/secondary training
assignments to MAFB, 99 (25.5 percent) to VT86-AJN, 115 (29.6 percent)
to VT86-RIO, and 17 (4.4 percent) to ATDS. The remaining 88 (22.7
percent) of the students attrited from the squadron before completing
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training. (This attrition rate i considerably higher than the 6.1
percent rate noted in the first VT-IO report (3) which was thought to be
abnormally low from past squadron experiences.) Of the total number of
attrites, 55 students dropped out of the program at their own request
(DOR), eight were not physically qualified (NPQ), one was both not
aeronautically adaptable (NAA) and NPQ, and the remaining 24 were dis-
missed from the training program as a result of inadequate academic or
flight performance.

The study results are reported and discussed under seven different
subheadings in general conformance with the format used in the first
Squadron VT-lO report (3). In the first sectiorn t'..w. data derived from
the student and instructor questionnaires are used to define the inci-
dence and severity of airsickness on each of the hops comprising the
Squadron VT-IO syllabus (post-1978). In the second section the question-
n ire data are discussed in relation to the contribution of students
experiencing repeated airsickness Lo the over-all airsickness incidence
figures. In the t.iird section unweighted and weighted airsickness
indices are developed on in individual-student basis to quantitatively
define the airsickness exleriences of the squadron population as a
whole. That section also includes statistics describing the performance
of the stkdents who received laboratory motion reactivity tests before
they began NFO training. The fourth section provides a brief comparison
of the airsickness ind'ices and laboratory test scores of different
student subpopulations defined by the graduated or attrited students.
The fifth section utilizes the flight indices to both define and compare
the performance of nonsusceptible student groups with the most susceptible
student groups within the over-all population. The sixth section presents
a rank correlation matrix analysis of the relationships found to exist
between and across the different flight indices and laboratory test
scores. The last section compares the flight and laboratory data produced
by the student population of this study who flew the new/current VT-10
syllabuE with the same form of data produced by the student population
of the original VT-1O study (3) who flew a different syllabus.

AIRSICKNESS INCIDENCE AND SEVERITY: INDIVIDUAL-HOP BASIS

The airsickness and related response measures derived from the
questionnaires are tabulated in Table I for each of the 20 hops com-
prising the VT-1O syllabus. The table contains separate listings for
the student and Instructor ratings of the incidence and relative magnitude °
of the four principal response measures of the study; i.e., airsickness,

vomiting, inflight performance degradation caused by airsickness, and
nervousness. For each of those measures, four percentage values corres-
ponding to classifications present, mild, moderate, severe are presented
for each of the 20 hops. Each datum below a given hop name (see Appendix
A for a brief description of each hop) represents the percentage of the
total number of hops flown of the given type where the denoted response
occurred. The first datum presented for a given response, e.g., "Airsick-
ness-Present," is the percentage of the hops where airsickness was
present without qualification as to the magnitude (mild, moderate, or
severe) of the response. The three subsequent data describe the percent

5
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incidence of mild, moderate, and severe ratings, respectively, for the
denoted questionnaire item. In the case of the vomiting measure, the
breakdown is based upon the number of times the response occurred on a
given flight. The student questionnaire tabulation also contains a line
item describing the percent incidence of flights where the students
reported that airsickness medication was used. In the instructor tabula-
tion, separate listings are provided for flight turbulence and a break-
down of the grades issued on a given hor.. The data presented in the
"Total" column at the extreme right jin the table represent the percent-
tage of the total number of hops flown (5,365) where the denoted responses
were present.

As indicated in the "Total" column of Table I, the students reported
that airsickness (mild, moderate, or severe) was present on 22.6 p1 •.t.
of the hops flown during training in Lhis squadron; their instructor,
estimated the incidence to be only 14.8 percent. These figures inklicate
that airsickness incidence with the new VT-10 flight syllabus qas of,
greater magnitude than that; obse•ved with the old VT-10 syllabus where
the students and instructors reported (3) airsickness on 16.2 and 10.2
percent, respectively, of the total hops flown. In the case of the
vomiting measure, the VT-10 students and instructors reported that this
response occurred on 11.4 and 10.9 percent, respectively, of the total
hops flown. Corresponding figures for'inflight performance degradation
due to airsickness were 14.8 and 10.6 percent, respectively, of the
total flights. Student nervousne3s, experienced either prior to or
during a flight, was reported by the students and instructors on 44.4
and 25.6 percent, respectively, of the flights.

To illustrate the relative magnitude of the airsickness problem
among the different hops comprising the Squadron VT-10 flight syllabus,
selected elements of Table I have been plotted in Figures 3 through 9.
In these figures, each hop is identified with an abbreviated code that
is expiained in Appendix A. The hop name-labeling sequence in these
figures reading from left to right follows, in general, the sequence
that the students flew the hens, although there were variations from

student to student.

The distribution of the basic flight date available for analysis
for each hop is depicted in Figure 3 where the number of questionnaires
collected for a given hop is expressed as the percentage of the total
number (5,365) of auestionnaires received. Variations in the exact
number of questionnaires received per hop are due to less than 100
percent return, which was sometimes compensated by repeat hops flown by
the students. Of the tottl questionnaires received, 394 (7.3 percent)
involved students repeating a hop they had previously flown.

In Figure 4 the student and instructor ratings of airsickness are
compared for each hop. Figure 4A plots the incidence of airsickness,
regardless of degree of severity, that occurred on a given hop as the
percentage of the total hops flown where airsickness was present.
Figures 4B, 4C, and 4D depict the percent incidence of hops where air-
sickness was present to a mild, moderate, and severe degree, respec-
tively. Figures 5, 6, and 7 represent equivalent plots of the incidence
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Figure 3

Plot of relative distribution of airsickness questionnaires received during the study as a
f, iction of the individual ho*- -:omprising the squadron flight syllabus. Each bar above a
given hop corresponds to the percentage of the total number of questionnaires collected during
the study that pertained to the speci.fic hop. The left-to-right hop sequence shown corres-
ponds in general to the sequence that 'he stuaents flew the hops, although there were excep-
tions within each hop series.

of vomitiag, inflight performance degradation due to airsickness, and
nervousness, respectively. A comparison of the relative level of the
stuilent and instructor judgments in these four figures indicates the
general trend for the instructors to underestimate the students' esti-
mates of their own reactions. During the initial phase of the VT-10
syllabus (h1ps BI through B8), the greatest motion stress was observed
to occur on hops B!, B3, and B4, where the students reported the inci-
dence of airsickness on approximately 63, 51, and 53 percent, respec-
tively, of the flights. As indicated by the hop descriptions provided
in Appendix A, these hops generally involved acrobatics or related
flight maneuvers conducive to airsickness. Airsickness on the remaining
B series of hops, particularly B5 through B8, was considerably lower in
both incidence and magnitude. During the final phase of training (hops
Il through 112), motion stress was greatest on hops Ii, 12, and 13 which
involved the demonstration of basic fightet maneuvers. Airsickness was
reported by the students to have occurred on approximately 43, 67, and
57 percent, respectively, of those flights. The vomiting and perfor~iance
degradation data of Figures 5 and 6, respectively, also reflect the same
stress effect of .hose hops. The Figure 7 data show a general tiend for
nervousness to decrease in magnitude as training progresses, with a rise
in level occurring when the I1-13 series of hops is flown.
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Figure 5

Comparison of student and instructor ratings of vomiting incidence as a function of the

individual hops. The percent incidence of hops resulting in students vomiting one or more

times is shown in A; the incidence of hops where the students vomited one, two, three, or

more times is shown in B, C, and D, respectively.
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Figure 6

Comparison o17 student and instructor ratings of infliglht performance degradation caused by

airsickness as a function of the individual hops. On most hops, the students overestimated

the extent of their performance degradation as compared to the instructor judg)ments.
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Figure 7j

Comparison of student and instructor judgments of student nervousness before or during 11
given flight as a function of the individuai hops.
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Figure 8

Percent incld once ol flights whure students reporrted 0ing nirsickteiss mediuntiot, The use of
mdicntiton during the first pirt of the .sylbLohu petaked on hop 114. Usaipe rose 0agni during
the i1 throughi 13 hop series where n hig h incidonvo of nirsicknoss otcurred.-

Figure 8 is a plot of the percent incidence of airsickness medication

usage as reported by the students. These data indicate a re2atively low
dependence on medication during the early phase of training followed by
a significant inmcrease at the time of the 11-13 fighter maneuver hops.
As stated previously (3-5), this reported usage of medication during the
mid-to-late phases of the flight syllabus requires further investigation
since this practice tends to allow airsick susceptibles to continue in
the program without the natural screening or attrition that might occur
without medication.

A comparison of the instructor ratings or turbulence that occurred
on a given hop, as shown in Figure 9, with the airsickness data of
Figure 4 implies a close relationship between these two variables. That
is, the hops that the instructors considered to have the greatest inci-
dence of roughness-of-air were, in general, the same hops that produced
the greatest incidence of airsickness. As has been mentioned previously
(3-5), this probably arises from the wording used in the questionnaire
item dealing with the roughness-of-air encountered on a given flight.
As a result of the inclusion of the words, "pilot technique," in the
question, some instructors were led to rate a given hop in terms of the
flight forces produced by the maneuvers associated with the hop, rather

than the atmospheric turbuleuce or buffeting that was present.

In the previous reports (3-5) dealing with airsickness incidence in
Squadrons VT-1O and VT-86, it was observed that certain hops flown near

13
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Percent incidence of turbulence (rough air or pi)ot technique) as a function of the individual
hops.
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the end of the flight syllabus produced relatively high airsickness
incidence. This finding was used to emphasize the point that adaptation
effects cannot be deduced from a simple analysis of airsickness as a
function of the number of hops flown within a given squadron. That is,
airsickness incidence, at least for the NFO population, did not continu-
ously decrease as the students progressed through the flight syllabus.
The airsickness data for hops 11-13 reflect the same trend for this
squadron. Once again, these results suggest that conclusions concerning
airsickness adaptation must be carefully weighed in relation to the
motion stress level of each hop within a given flight syllabus.

AIRSICKNESS INCIDENCE AND SEVERITY: STUDENT FREQUENCY ANALYSIS

The flight data were also analyzed to establish the number of
students who experienced a given response a repeated number of times
during the course of their training. Table II is a tabulation of the
results of chis analysis for each of the principal questionnaire responses.
Each datum in th's table below a given column heading denotes the percent-
tage of the total number of students who experienced a given response
the number of times indicated by the column header. For example, the
data presented in the first row of Table II indicate that 12.1 percent
of the students reported experiencing airsickness on only one hop, 13.1
percent reported being airsick on two hops, et cetera. The total column
at the extreme right in the table denotes the percentage of the total
number of students who experienced the given response one or more times.

These total data indicate that 80.7 percent of the students reported
being airsick on ono or more flights during their VT-1O training, 52.8
percent reported vomiting on one or more flights, and 67.3 percent
reported inflight performance degradation due to airsickness on one or
more flights. These values are larger than those experienced by the old
syllabus VT-1O students (3) who had corresponding figures of 74.5, 39.2,
and 58.6 percent, respectively. As indicated by the 0.3 percent (latum
under the "12" uolumn heading for the first variable of Table II, one
tenacious student teported being airsick on 1i1 different hops. In
similar fashion, two students reported vomiting on 8 different hops, two
on 9 different hops, and one on 10 different hops.

To emphasize the multiple contributions of a small number of students
to the over-all airsickness problem, the airsickness, vomiting, per-
formance degradation, and nervousness data derived from both the student
and instructor responses have been plotted in cumulative frequency
distribution form in Figures 10A, B, C, and D, respectively. In these
figures, the deviation between the student and instructor distributions
reflects the instructors' tendency to underestimate the presence of a
given response, using the student judgments as reference. This applies
to all variables except the overt symptom of vomiting, where L he instructor
and student distributions (Figure lOB) had good correspondence. The
percentage of the total number of students who never reported experiencing
a given response is represented in these figures by the intersection of
the distribution curve with the ordinate axis. That is, 19.3 percent of
the students reported never being airsick, 47.2 percent reported never
vomiting, 32.7 percent reported never suffering from inflight performance
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Figure I('

Normalized cumulative frequency distribution of stadents experiencing airsickness (A), vomit-
ing (B), inflight performance degradation (C), ant' nervousne4s (D) a different number of times
during the course of their flight training in this squadron based upon both student (solid
line) and instructor (dashed line) data.
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degradation due to airsickness, and 7.2 percent reported never experiencing
nervousness prior to or during flight.

From these distribution data, it can be shown that 50 percent of
the hops where airsickness occurred was accounted for by approximately
24 percent of the total number of students; 50 percent of the hops where

F, vomiting occurred was accounted for by 14 percent of the students; 50
percent of the hops involving inflight performance degradation was
accounted for by 18.2 percent of the students; and 50 percent of the
hops where nervousness occurred was accounted for by 23.4 percent of the
students. As mentioned pieviously (3) the long-term objective in the
development of tests to predict airsickness susceptibility must center

_i; on the identification of those individuals falling into the upper part,
e.g., the upper decile, of the Figure 10 distributions.

Normalized cumulative frequency distributions of the same form are
also plotted for student reports of medication usage in Figure I1A and
for instructor ratings of turbulence in Figure liB. The significance of
the medication plot is that only 34 (8.8 yercent) of the 388 squadron
students reported using medication at some time during training. Of
these students, 30 used medication on three or less flights, one on four
fligbts, two on five flights, and one on six flights. As with the
previously reported squadron data (3-5), the incidence of medication
usage shown in Table I and plotted in Figure 8 was accounted for by a
relatively small number of students. The turbulence distribution data
of Figure 11B show that the repeated exposure to roughness of air was
more evenly distributed over the population.

INDIVIDUAL STUDENT PERFORMANCE: AIRSICKNESS INDICES

Unweighted and weighted indices were calculated for the principal
components of the airsickness questionnaire data, using both the student
and instructor ratings. The indices allow comparisons to be made among
different squadrons and among different student subpopulations within
given squadrons. In addition, they are intended to serve the further
function ui relating an individual's performance during basic training
with subsequent performance in advanced and fleet readiness (RAG) squad-
rons. As outlined in the first report (3), five unweighted and five
weighted indices were calculated for each student, using the airsickness,
vomiting, performance degradation, nervousness, and medication usage
components of the student questionnaire as measurement references.
Similarly, for the instructor data pertaining to the same student, five
unweighted and five weighted indices were calculated, using the same
measurement references, with the one exception of substituting the
instructor rating of turbulence for the student report of medication
usage. Flight indices were not calculated for those students who sub-
mitted less than four questionnaires during the study period.

The methods used to calculate the indices were keyed to structuring
a computer data storage file for each student that contained a sequential
tabulation of all questionnaires collected from the student during the

18
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course of hi.' squadron training. The unweighted indiceo were calculated
from this fite as

1) RESPONSE INDX (INWEIGHTED) =No. Flights Response Experienced x 100
Total No. Flights Flown

where no weight was given to the severity uf the response; i.e., attention
was given only to the fact that a response such as airsickness occurred
on a flight without regard to its mild, moderate, or severe degree of
magnitude. Accordingly, the unweighted indices simply represent the
percentage of the flights flown by the student where the denoted response
such as airsickness occurred. This method of calculation of the unweighted
indices was applied to each of the five student questionnaire responses
and to each of the five instructor responses, as listed above.

The weighted indices calculated for the same ten questionnaire
responses were based upon the assignment of a linear weight of 0, 1, 2,
3 to the four magnitude ratings associated witi all but the medication
usage item. For example, if a student reported that he was not airsick
on a hop, he would have a response rating of 0.0 for this particular
flight; a student who reported either mild, moderate, or severe airsick-
ness was given a respo se rating of 1, 2, or 3, respectively, for a

MEDICATION INCIDENCE TURBULENCE INCIDENCE-ANY DEGREE
CUMULATIVE PERCENTAGE OF STUDENTS EXPERIENCING CUIMJLATIVE PERCENTAGE F STUJIENTS EXWERIENCING
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Figure Ii

Normalized cumulative frequency distribution of students utilizing medicat:ion oi a repeated
basis (A) and students experiencing turbulence or roughness of air on one or more flights (1).
Note that the incidence of medication usage shown in Figure 8 was accounted for by a very
small percentage of the total student population, as indicated in A. TO
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N ,particular hop. These response ratings were summed for all of the hops
flown by a given student and used to calculate a weighted index that was
normalized to have a maximum value of 100 as follows:

Sum (Individual Flight Response Ratings) 100!i 2) RESPONSE INDEX (WEIGHTED) = Toa1o.Fiht00wnx•

Total No. Flights Flown3

To illustrate, a student who was never airsick during training would
have a weighted airsickness response index of 0.0; a student who was
severely airsick on all of his flights would have a corresponding weighted
index of 100.0; a student who was mildly airsick on 50 percent of his
flights would have an index of 16.7; and a student who was severely
airsick on 50 percent of his flights would have an index of 50.0. In
the case of the medication usage question, a response rating of 0 was
assigned to the item if medication was not used on the flight, and 1 if
used. The ;.4eighted Index was also normalized to have a maximum value of
100.0, thus rasulting in the unweighted and weighted indices for this
one item being identical.

The resulting group statistics for the response indices of the VT-
10 students are presented in Table III, Statistical parameters listed
for each response variable include the group mean, standard deviation of
the observations, standard error c2 the mean, minimum and maximum values
observed, group median, the total number of observations (students) in
the data base, and the Kolmogorov-Smirnov deviation statistic. Fesponse
variables 1 through 10 in that table represent the rebponse indi(;es
derived from the student-based questionnaire data; and variables 11
through 20 correspond equivalently to the indices derived from the
instructor-based questionnaire data. (It should be noted that the N
value of 366 in this table is less than the 388 students used in the
compilation of the Tables I and II data. This arises because the Table
III flight indices were not calculated for any student who submitted
less than four questionnaires - - in this case, 22 students.)

Variables 23 Lhrough 41 in Table III describe the performance of
the student group on assorted elements of the motion reactivity test
battery given to many of the students prior to their beginning flight
training in Squadron VTl0. In brief, TMSQ1, TMSQ2, and TMSQ3 (variables
23, 24, and 25, respectively) pertain to a motion sickness history where

I.: TMSQ1 and TMSQ2 involve motion sickness experiences prior to and follow-
ing age 12, with TMSQ3 equal to the sum of the TMSQ1 and TMSQ2 scores;
TSANX and TTANX (variables 26 and 27) to a state/trait anxiety test;
TBVDT, TBVDR, TBVDS, and TBVDP (variables 28 through 31) to a Brief
Vestibular Disorientation Test (BVDT); TVVSP1, TVVSP2, and TVVSP3 (vari-
ables 32 through 34) to the static performance element of a Visual/
Vestibular Interaction Test (VVIT); TVVDPI, TVVDP2, and TVVDP3 (variables
35 through 37) to the dynamic performance element of the VVIT; and
TVVIR,.TVVIS, TVVIP, and TVVIT (variables 38 through 41) to the motion
sickness rating element of the WIT. 'V

In the interpretation of the numerical magnitude of the mean data
presented in Table III, it should be realized that for the 20 flight
indices, high scores denote poor performance and low scores good perform-
ance (or in the case of the turbulence measure, high scores represent
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Table II.

Statistical listing of the flight response indices and laboiatory test scores for the
Squadron VT-10 study population. Data presented for each response variable include
the mean, standard deviation, standard error of the meaa, minimum, maximum, median,

the deito-statistic associated w.thand total number of students. In addition, the deviation
the nonparametric Kolmogorov-Smirnov one-sample test of goodness of fit of the distribu-
tion of the observed data to the distribution of an equivalent theoretical Gaussian
population is listed at the right.

RESPONSE VARIABLE STATISTIC,)L PARAMETERS
NO. DESCRIPTION MEAN S.DEV, S.ERR. t'IN MAX MEDIAN N DEV

I S-AIRSICKNESS INDEX-UV 26.8 22,1 1.2 .8 188.8 23.7 366 .18#
2 S-VOMITING INDEX-UW 13.1 18.2 1.8 .8 too,@ 5.3 366 .21#
3 S-P.DEGRADATION INDEX-UW 16.6 18.9 1.8 .6 100.8 12.1 366 .17#
4 S-NERVOUSNESS INDEX-UU 49,2 31.7 1.7 .0 160,8 45.8 366 99#
5 S-MEDICATION INDEX-UW 1.8 7,6 .4 .0 75.0 .0 366 .475
6 S-AIRSIC.(NESS INDEX-W 12.7 11.8 .6 k 75,8 Ie.6 366 .12
7 S-VOMITING INDEX-W 7.4 11.1 6 . 75.8 2.8 366 .22#
8 S-P.DEGRADATION INDEX-U 7.9 9.7 .5 10 58.3 4.8 366 .16#
9 S-NERVOUSNESS INDEX-4 21.3 16.1 .8 .8 91.7 17.7 366 t12

18 S-MEDICATION INDEX-U 1.8 7.6 .4 .8 75,0 .8 366 .47#
11 I-AIRTICKNEZS INDEX-UU 17.6 19.8 1.8 .8 188.8 14.8 366 .166
12 I-VOMITIPG INDEX-UW 13.8 17.7 .9 .8 188,9 6,5 366 .210
13 I-P.DEG'AADATION I',DSX-UU 12,6 15.4 8 .0 80.8 18.e 366 .28#
14 I-NERVOUSHESS IMDEX-UW 38.2 21.2 1,1 .0 188.0 25.8 366 .11#
15 I-TURBULENCE INDEX-UW 25.8 16.8 .9 .0 10e.0 25.0 366 .11t
16 I-AIRSICKNESS INDEX-W 8.3 to.2 .5 .8 66,7 ,6 366 .16#
17 I-VOMITIN, INDEX-W 7.1 18 4 .5 .8 68,8 2.7 366 .21#
19 I-P.DEGRADATION INDEX-W 5.4 7,1 .4 .8 58.A 3.3 366 .20#
19 I-NERVOUSNESS INDEX-W 11.4 815 .4 .0 45,8 9.5 366 .130
28 I-TURBULENCE INDEX-0U 13.3 9.1 .5 .8 66.7 12.1 366 .189
23 TMSQI-MS NISTORYPART 1 8.8 11.4 .9 .8 67,9 5.1 174 .196
24 TMSQ2-MS HISTORY: PART 2 7.8 9.3 .7 0 58.0 4.5 174 .246
25 TMS03-MS HISTORY, SUM 15. S 18.9 1.4 .8 125,9 11.8 174 .18#
26 TSANX-STATE/AHX,QUEST. 38.6 8.1 .6 28.8 57,8 28.8 172 .14#
27 TTANX-TR4IT/AHXQUEST. 29.1 7.2 .5 20.8 52.8 28.8 172 .13#
28 TBVDT-BVDT TIME OF DAY 8.9 .9 .1 7 14,5 8.8 174 .128
29 TBVDR-BVDT RATER 13.8 5.4 .4 7.8 36.8 12.8 174 19#
30 TBVDS-SVDT SELF-RATING 12.7 610 .5 5.8 30.8 11.8 174 .17#
31 TBVDP-BVDT PcOST-RATING 3.3 7.8 .6 .8 52.0 1.0 166 .310
32 TVVSPI-VVIT STATIC-RIGHT 121. 7 7.3 6 90. 0 129.8 1Z 3. 174 .16#
33 TVVSP2-VVIT STATIC-WRONG 5.2 5.2 .4 .0 27.8 3.0 14 .21#
34 TVVSP3-VVIT STATIC-OMIT 2.1 3.4 .3 .0 2?.8 .8 174 .296
35 TVVDPI-VVIT DYNAMIC-RIGHT 79.2 31.8 2.4 9.0 129. 83. 8 174 .87
36 TVVDP2-VVIT DYNAMIC-URONG 18.4 7.? .6 .0 37.8 9.8 174 .11r
37 TVVDP3-VVIT DYNAMIC-OMIT 39.4 33.2 2.5 .8 1280. 33.8 174 .13#
38 TVVIR-VVIT RATER 15.3 6.6 .5 6.8 36.9 13.8 174 .x18
39 TVVIS-VVIT SELF-RATING 14.8 6.2 .5 5.8 31.8 13.6 174 13#
48 IVVIP-VVIT POST-RATING 13,8 77.2 5.8 . 999.8 2,8 174 .3961
41 TVVIT-VVIT TIME OF DAY 18.8 1.2 .1 7.7 14.2 18.8 174 .8

S a STUDENT RESPONSE DATA UU a UNU'*TGOTED RESPONSE INDEX
I a INSTRUCTOR RESPONSE DATA V m IEIGHIFD RESPONSE INDEX
8 a SIGNIFICANT BEYOND THE .1 LEVEL
6 * SIGNIFICANT BEYOND THE .01 LEVEL
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greater stress than low scores). Correspondingly, for the majority of

the motion reactivity Lest battery scores, high scores denote either
poor performance or greater susceptibility to motion stress. In the
case of two test scores (TVVSPl and T'vVDPl), the converse is true in
thaL these two variables pertain to the number of correct responses
proluced by the students while per".orming the related test tasks. In
the case of the TBVDT and TVVIT vari.ablas, no mapnitude relationship
exists relative to performance in that these measures describe the time
of day (24-hour clock) that the BTrD and VVI T_•sts were given to the
student group.

As with the questionnaire data collected previously (3-5), the
distributions of the 20 Squadron VT-10 flight indices are generally
skewed toward the lower values of the response scale, with the median
values of Table III con.istently falling below the related means.
Similarly, the results of a Kolmogorov-Smirnov one-sample test of goodness
of fit (2) of the normalized cumulative distribution of the Tbserved
data t3 an equivalent ( 7aussian distribution with the same mean and
standard deviation as the observed data indicate non-normality of the
date... As indicated by the significance symbols adjacent to the Kolmogorov-
Smirnov deviation statistic labeled as DEV in Table III, the null hypothesis
that the distribution of the obser~ved data is the same as a Gaussian
distribution must be rejected at the .01 significance level or greater

for all 20 flight indices. Plots of the normalized cumulative frequency
distributions of the unweighted and weighted flight indices, along with
their equivalent theoretical Gaussian distributions, are presented in
Figures Cl through C5 of Appendix C for both the student and instructor-
der 4-,ed questionnaire data. Figure's C6 through C11 plot similar data
for ,:he motion reacaivity test results (variables 23 through 41) of the

sauaocon students.

The unweighted, student-based indices in Table III imply that for
this specific VT-10 population, the mean or "average" student experienced
airsickness on 26.0 percent of the hops flown, vomited one or more times
on 13.1 percent of the hops, and experienced inflight performance degrada-
tion due to airsickness on 16.6 percent of the hops. With the exception
of the vomit index, the equivalent unweighted indices calculated from
the instructor-furnished data indicate conp1aersbly lower mean values
for the corresponding variables. This same relationship applies to the
wreighted indices presented in Table III. The mean value of 1.8 for the

medicat'zn usage index denotes the relatively low usage of medication in
the squadron. However, as mentioned in the first report (3) such "average-
student" interpretations of the Table III mean data are highly restricted
by the non-Gaussian nature of the related distributions.

COMPAkISON OF STUDENT SUBPOPULATIONS BAS'D UPON ADVANCED TRAINING
ASSIGNA4ENTS AND GRADUATED/ATTRTTED STATUS

As outlined in the Figure 1 block diagram, upon graduation from VT-
10, the students follow one of four different advanced/secondary training
pipelines to the fleet; i.e., MkFB, 7 T86-AJN, VT86-RIO, or ATDS. As
explained in the first VT-h O report (3), a comparison of the flight
indices measured for these four different student groups must take into
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account the fact that the MAFB students generally fly only the eight
basic hops identified as B11 through B8, while the remaining three groups
fly BI through B8 as well as the twelve intermediate hops identified as
Ii through 112. For this reason, a separate set of unweighted and
weighted flight indices was calculated for each student within each of
the four subpopulations based upon only the Bl through B8 hops which
were flown by all graduated students regardless of their advanced training
squadron assignment. A Kruskal-Wallis one-way analysis of variance by
rank.' test (2) was then applied to the flight and laboratory test score
data produced by those four student groups. In Table IV a tabulation is
made of the K-uskal-Wallis H statistic corrected for tied scores; the
total number of students included in the analysis; and, for each of the
four groups, the mean, standard deviation of the observations, the
standard error of the mean, and the number of students included in the
group. To disprove the null hypothesis that the four student groups came
from the same or identical population requires that the H-statistic
equal or exceed 11.34 at the .01 significance level and 16.27 at the
.001 level, assuming that H is distributed like chi squared with three
degrees of freedom. In conformance with the analytical procedures
established on an a priori basis in the first report (3) of the series,
a probability of .01 was arbitrarily selected as the minimum degree of
statistical significance that would be symbolically identified in Table IV
(and in all following tables).

The lack of statistical significance symbols adjacent to the H
statistic column in Table IV indicates that the Kruskal-Wallis test does
not show any real differences at the .01 level or better among the
four student subpopulations. This applies to all 20 flight indices and
all 19 of the laboratory test scores. This is in essential agreement
with the findings reported for the same four subpopulations who flew the
old VT-10 flight syllabus (3).

Since one element of the longitudinal study involves the later
follow-up of the VT-10 students assigned to both the AJN and R1O components
of Advanced Training Squadron VT-86, a similar statistical comparison isprovided in Table V for those two student g-oups. The ATDS group is not

included because of the relatively low number of students receiving this
assignment. In contradistinction to Table IV, the airsickness index
data in Table V were calculated on the basis of the entire 20 hops
comprising the complete VT-10 flight syllabus. For these data the
Kruskal-Wallis H statistic based upon one degree of freedom is requireO
to equal or exceed 3.84 at the .05 significance level, 6.64 at the .01
significance level, or 10.83 at the .001 level to disprove the null
hypothesis that the VT86-AjN and VT86-RIO students came from the same or
an identical population. Again, there were i.o significant differences
at the .01 level or better between the two populations for any of the 41
listed response measures. In the first VT-10 report (3), the academic
and flight grades (variables 21 and 22) received by the students upon
graduation from VT-10 were significantly higher for those assigned to
VT86-RIO than for those assigned tc VT86-AJN. This is not the case for
the new syllabus VT-10 students.

A third comparison involves those students who graduated from the
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Table V

Results of a Kruskal-Wallis one-way analysis of variance comparison of students who graduated

from Squadron VT-10 and were assigned to Advanced Training iquadron VT86-AJN with students who
graduated and were assigned to Squadron VT86-RIO. In contradistinction to Table IV, the flight
indices for this table and all following tables were calculated on the basis of all flights
fiown by each individual student.

RESPONSE VARIABLE H YT86-AJH VTS6-RIO
NO. DESCRIPTION STATISTIC MEAN S.DEV. S.ERR. N MEAN S.DEV. $.ERR. H
-----------------------------------------------------------------------------------------------------

1 S-AIRSISKHESS IHDEX-UU 4.96 24.2 18.9 1.9 98 19.5 18,2 1 .7 114
2 S-VOMITING INDEX-UW .99 11.5 16. 9 1.6 98 11.6 16.4 1 5 114
3 S-P.DEGRADATION INDEX-U/ 3.30 15.3 14.4 1,5 98 12.9 16.5 1.5 114
4 S-NERVOUSNESS INDEX-UW 1.46 43.3 27.3 2.0 98 40.2 31.6 3.0 114

5 S-MEDICATION INDEX-UI .16 1.3 4.1 .4 98 1.2 4.5 .4 114

6 S-AIRSICKNESS INDEX-U 3.74 12.1 18.2 1.9 98 9.7 18.0 .9 114

7 S-VOMITING INDEX-U .84 6.5 8.6 ,9 98 6.4 10.8 .9 114
8 S-P.DEGRADATION INDEX-U 3.29 7.7 8. 5 9 98 5.8 a 72 .7 114
9 S-NERVOUSNESS IHDEX-U 1.25 10.1 12,9 1.3 98 17.3 15.4 1.4 114

10 S-MEDICATION INDEX-W .16 1 3 4.1 4 98 1.2 4.5 .4 114
11 I-AIRSICKNESS INDEX-UW 76 15.2 14.5 1 5 98 14.2 16. 5 1 .5 114
12 I-VOMITING INDEX-Ui .16 19.9 14.0 1.4 98 12.1 16.7 1.6 114
13 I-P.DEGRADATION INDEX-UW I ,24 11 .1 12.1 1 .2 98 9.2 11 3 1.1 114
14 I-NERVOUSHESS IHDEX-UU .95 24,4 15.2 1,5 98 24.2 15.5 1.4 114
15 I-TURBULENCE INDEX-UW 1.81 24.9 12,9 1.3 98 27.1 15,6 1.5 114
16 I-AIRSICKNESS INDEX-U .95 7.2 7,7 .8 98 6.6 9.1 .9 114
17 I-VOMITING INDEX-W .90 6.2 8.6 .9 98 6,3 9.4 .9 114
18 I-PDEGRADATION INDEX-U 1,63 4,8 5.9 .6 98 3.7 4.8 .4 114
19 I-NERVOUSNESS INDEX-U .19 9,0 5.8 .6 98 8. 6.4 .6 114
20 I-TURBULENCE INDEX-U .53 12.6 7,. .7 90 13.8 9. I .8 114
21 ACADEMIC GRADES-BASIC .13 49.7 8.9 .8 98 50.9 8 .9 .8 113
22 FLIGHT GRADES-BASIC 5.23 3,0 . .. 90 3.6 .0 . 113
23 TMSQI-MS HISTORYPART 1 .91 7.1 8.5 1 .2 59 7.3 8 9 1,4 49
24 TMS02-t1S HISTORY PART 2 .58 5.2 7.8 1.1 56 6.3 8.3 1.3 49
25 TMSQ3-MS HISTORY SUM .91 12.4 13,2 1.9 56 13.6 15.6 2.5 48
26 TSAHX-STATE/ANX.QUEST. a1 38,5 7.9 1.1 49 30.3 7,8 1,2 49
27 TTANX-TRAIT/AHX.QUEST. 45 29,2 6.4 .9 49 29.5 8. 4 1 .3 49
28 TBVDT-BVDT TIME OF DAY .76 8.9 .9 .1 50 8.9 .9 .1 46
29 T8VDR-9VDT RATER 1.13 14,7 6.4 .9 59 12.8 4.1 .7 49
38 TBVDS-8VDT SELF-RATING 1.58 13.8 6.7 .9 59 12.9 5.8 .9 46
31 TBVDP-8VDT POST-RATING 2.89 4.1 9.8 I 4 49 2. 6 9. 1.5 3?
32 TVVSPI-VVIT STATIC-RIGHT 84 121.8 9.7 1.4 50 122.3 5.7 .9 41
33 TVVSP2-VVIT STATIC-URONG 1 .68 4.7 6.?7 9 59 4. e 4. 1 .6 41
34 TVVSP3-VVIT STATIC-OMIT 04 2.5 4.7 .7 59 1.8 2.3 .4 41
35 TVVDPI-VVIT DYNAMIC-RIGHT .40 74.3 36.6 5.2 56 79.7 34.5 5.4 41
36 TVVDP2-VVIT DYNAMIC-WRONG 93 9.4 7.9 1.1 58 9.3 9.6 1.3 41
37 TVVDP3-VVIT DYNAMIC-OMIT .45 45.3 37.5 5.3 56 46.9 37.8 5,8 41
38 TVVIR-VVIT RATER .46 15.3 6.6 .9 50 16.3 7. 4 1 .2 41
39 TVVIS-YVIT SELF-RATING .25 13.7 5.9 .8 56 14.9 7.6 1.2 41
49 TVVIP-VVIT POST-RATING .1 4.7 9.9 1.3 56 6.1 11.8 1.8 41
41 TVVIT-VVIT TIME OF DAY 38 19.1 1,3 .2 59 9.9 1.4 .2 41
-------------------------------------------------------------------------------------
S • STUDENT RESPONSE DATA UV " UNUEIGHTED RESPONSE INDEX
I • INSTRUCTOR RESPONSE DATA W W UEIGHTED RESPONSE INDEX
# , SIGNIFICANT BEYOND THE .81 LEVEL
. • SIGNIFICANT BEYOHD THE .001 LEVEL
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squadron and those who attrited for any reason whatsoever. The results
of applying the same Kruskal-Wallis one-way analysis of variance to
these student groups are summarized in Table VI. The airsickness indices
in this case were calculated on the basis of all flights flown by the
students. The H statistic data of this table for the ten student-baaed
"flight indices show that significant differences existed between the
graduated and attrited student populations for the airsickness and
nervousness indices, both unweighted and weighted. The same applies to
"the unweighted performance degradation index. For the ten instructor-
based indices, significant differences existed between the two student
groups for the same three indices, both unweighted and weighted. In all
cases, the flight indices were higher for the attrite group. Only two
of the laboratory test scores (variables 32 and 33) showed any statisti-
cally significant differences between the two groups.

Examination of the mean scores prebuLLed in Table VI for the two
student groups shows that the incidence of airsickness, vomiting, per-
formance degradation, and nervousness was greater for the attrite
group. This same trend was observed in the other elements of the study
including the students who flew the old VT-10 flight syllabus (3), the
VT86-AJN students (4), and the VT86-RIO students (5). However, of these
latter three squadrons, differences significant to the .01 level or
better for any of these four measures were found for only the VT86-RIO
population. The higher incidence of airsickness in the attrite group
(significant to the .05 level or better in all squadrons studied to
date) highlights the potential contribution of this factor to the over-
all attrition problem. A further point is that the comparison between
the graduated and attrited populations afforded by Table VI in this

report and the three previous reports (3-5) is based upon attritions
that occur only within the squadron undergoing study. It does not
include students who attrite at a later phase in their training/fleet
careers. Incorporation of these additional attrites during the later
phases of the longitudinal study may further strengthen the observed
relationship between airsickness and attrition.

COMPARISON OF STUDENT SUBPOPULATIONS BASED UPON AIRSICKNESS SENSITIVITY

In the first report (3) of the series it was emphasized that a
long-term objective of this laboratory is to develop and validate an
airsickness test battery to identify both susceptible and nonsusceptible
aviation candidates. In this study, the inflight data derived from both
the students and the instructors over the full course of the NFO training
syllabus serve to quantitatively distinguish between those students who
repeatedly suffer airsickness (high flight index scores) and those
students who rarely experience airsickness (low flight index scores).
Accordingly, separation cf the students into susceptible and nonsusceptible
groups based upon their actual flight performance provides some direct
insight into the relative merit of the individual components of the
prototype motion reactivity test battery given to the students prior to
their beginning NFO flight training. In the paragraphs that follow,
such an approach is pursued by comparing the flight and laboratory data
produced by the most susceptible students (arbitrarily defined as those
students with high scores failing into the upper decile of the entire
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Table VI

Results of a onpanramnetric Kruskal-Wallis one-way analysis of variance comparlson of stdenlts
who graduated from Squadron VT-10 with stuIents who attrited from the squadroa after beginning
flight traIning.

RtSPO11SE VARIABLE H GRADUATED ATTRITED
NO. DESCRIPTION STATISTIC MEAN S.DEV. S.ERR N MEAN S DEV. SERR. H

I S-AIRSICKHESS IHDEX-UV 14.08* 23.5 19.8 1 .1 298 37.2 27 .7 3. 4 68
2 S-VOMITING INDEX-UW 3.97 11.0 16.3 9 298 19,2 24. 3 2. 9 68
3 S-P.DEGRADATION ItDEX-UW 7.371 14.9 16.8 1 . 298 24, 2 24 8 3. 68
4 -HEERVOUSHESt INDEX-UIW 12,49* 46 3 30,6 1 9 299 62.0 33. 5 4. 1 68

V 5 S-MEDICATION IHDEX.UU .38 I.c 6.8 3 298 2.8 12 .5 1. 5 68
6 S-AIRSICKNESS INDEX-U 9.881 11,4 10.4 .6 298 17.9 15.8 1.9 68
7 S-VOMITING INDEX-U 2.72 6.7 18.8 .6 298 18.2 14 7 1 .8 68
8 S-P.DEGRAPATION IHDEX-U I.99 7,1 8.3 5 299 11.5 13.7 1.7 68
9 S-HEPVOUSHESS INDEX-U 12.52* 19.8 15.3 .9 298 27.9 19.1 2.2 68

10 S-MEDICATION INDEX-Y .98 1.6 6.8 3 298 2,8 12.5 1. 5 68
II I-AIRSICKNESS INDEX-UW 18. 30 15 6 16.6 1 . 296 26,4 25,8 3. 78
12 I-VOMITIHG INDEX-(OW 4. 37 1 .6 15,5 9 29C 19,8 24,1 2,9 79
13 I-P.DEGRADATIOH INDEX-UW 6. 889 18 9 12,6 7 296 19.6 22,4 2.7 78
14 I-NERVOUSNESS INDEX-UW 35.93* 26.3 17.4 1.) 296 46.8 27.1 3.2 70
J5 I-TUROULENCE INDEX-UW 72 24 9 14.7 9 296 29. 7 23,4 2.8 70
16 I-AIRSICKNESS INDEX-W 9.76# 7.3 8.8 ,5 296 12.8 13,7 1.6 76
17 I-VONITING INDEX-W 3. 17 65 9.4 .5 296 10, 13. 6 1.6 78
18 I-P.DEGRADATION INDEX-U1 7 ,610 4 6 5.8 .3 296 8.7 18 I. 1.3 78
19 t-NERVOUSNESS INDEX-W 33. 77* 9. 9 7,2 4 296 17.7 16 ,8 1,3 70
28 I-TURBULENCE INDEX-V .74 1, .9 8.2 .5 296 15. 1 12 8 1.4 70
23 TMSQI-MS HISTORY, PART 1 .87 8 3 18.7 .9 133 18.4 13 2 2.1 41
24 TMSQ2-MS HISTORY, PART 2 .33 ?.1 8.9 .8 133 6.6 10.5 1,6 41
25 TMSQ3-MS HISTORYSUM .83 15.4 17.6 1.5 133 17.8 22.8 3.6 41
26 TSANX-STATE/ANX.QUEST. 55 30 3 8. a 7 132 31.5 8. 3 1.3 48
27 TTAt4X-TRAIT'ANXOUEST. 11 29.2 7.2 .6 132 28.9 ?71 1,1 48
28 TBVDT-BVDT TIME OF DAY .09 8.9 1 ,8 .1 133 8.8 a 6 .1 41
29 TOVYDR-BVDT RATER .84 13.6 5.3 .5 133 14.5 5.7 .9 41
30 TBVDS-BVDT SELF-RATING .83 12,8 6.1 .5 133 12,5 5.8 .9 41
31 TBVDP-BVDT POST-RATING 74 3.4 8. .8 120 3.0 4. 9 .9 38
32 TVVSPI-VVIT STATIC-RIGHT 6.830 122.3 7.2 .6 134 119,6 ?.1 1.1 49
33 TVVSP2-VVIT STATIC-WYRONG 8.964 4.6 5.9 .4 134 7.1 5.5 .9 48
34 TVVSP3-VVII' STATIC-OMIT .64 2.1 3.5 .3 134 2.3 3.2 .5 48
35 TVVDPI-VYIT DYNAMIC-RIGHT 88 79. 1 32. 5 2.8 134 79,4 29 7 4. 7 48
36 TVVDP2-VVIT DYNAMIC-WRONG 2.23 9.7 7.1 6 134 12.5 9.3 1.5 48
37 TVVDP3-VVIT DYNAMIC-OMIT .07 48.2 34 1 2.9 134 37.0 39.3 4.8 48
38 TVVIR-VVIT RAYER 15 15.4 6.5 6 134 15,1 6.9 1 .1 48
39 TVVIS-YYIT SELF-RATING 38 14.2 6.4 .6 134 13.4 5.4 .9 40
48 TYVIP-YVIT POST-RATING .19 7.6 19.7 I.E 134 11,2 157.4 24.9 40
41 TVVIT-VVIT TIME OF DAY .82 18.6 1.3 1 134 18. 9 1,0 .2 48

S • STUDENT RESPONSE DATA U4 - UNUEIGHTED RESPONSE INDEX
I - INSTRUCTOR QESPONSE DATA V x ,EIrHTED RESPONSE INDEX
4I = SILGilIICANT BEYOND THE .82 LEVEL

- SIGNIFICANT BEYOND THE .081 LEVEL
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population for a given airsickness measure) with those produced by the
least susceptible students (arbitrarily defined as those students who
never experienced airsickness during training).

As with the first report (3) of the series, the initial comparison
to be made involves the weighted airsickness index data derived from the
student questionnaire (variable 6). The nonsusceptible population was
defined as those students who never reported experiencing airsickness
during flight training in Squadron VT-1O. This corresponds to airsick-
ness index scores of 0.0 for both the unweighted (variable 1) and weighted
(variable 6) responses. The susceptible or airsick population was
defined as those 10 percent of the student population who had a weighted
airsickness index that equaled or exceeded the 90th centile (upper
decile) reference established by the normalized cumulative frequency
distribution for this particular index. The student-based distribution
data presented in Figure Cl-B (Appendix C) indicate that at the 90th-
centile point, the weighted index score was approximately 27.2. These
distribution data also indicate that the nonairsick group included
approximately 19 percent of the total squadron population for which
airsickness index scores were determined.

With these criteria serving to define the airsick susceptible and
nonairsick susceptible populations, a Kruskal-Wallis one-way analysis of
variance was performed on each of the response variables, the results of
which are tabulated in Table VII. As indicated by the significance
symbols entered adjacent to the H statistic, the airsickness-related
flight indices (variables 1-3, 6-8, 11-13, and 16-18) were significantly
different for the two populations, which, by definition, would occur as
a result of the criterion selected to distinguish between the two popula-
tions, The medication index also shows a higher drug usage rate for the
airsick group. Differences were also observed for all of the nervous-
ness-related indices as well as for the instructor-baoed turbulence
data.

In the case of the 19 motion reactivity test scores, statistically
significant differences between the selected airsick and nonairsick
populations were found for two of the motion sickness case history
scores, one of the BVD Test scores, and three of the VVI Test scores.
The motion sickness case history sum score (variable 25) was also found
to be statistically higher for the airsick groups included in the three
previous squadron studies (3-5); with the exception of the VT86-RIO data
(5), the same applies to the first element (variable 23) of the motion
sickness case history. The statistically significant difference associ-
ated with the post-rating element (variable 31) of the BVDT was also
observed in two of the three previous studies, with Squadron VT86-RIO
again being the exception. In the case of the three VVIT scores (vari-
ables 38-40), this is the first squadron where statistical differences
to the .01 level or bett'r have been shown to exist. (However, the same
three VVIT scores were significantly different to the .05 level or
better in the VT86-AJN data [4] and two of the scores [variables 39 and
40] were similarly significant in the old syllabus VT-10 data [3].)
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'Table VII

Results of a Kruskal.-Wallis one-way analysis of variance comparison of students who never experi-
enced airsickness during flight training with students who had a relatively high incidence of
"airsickness. The nonairsick group, defined as those students with a weighted airsickness index
(variable 6 from the student questionnaire) equal to 0.0, represented approximately 19 percent of
the total study population. The airsick group, arbitrarily established as the most sensitlye
10 percent of the students, was defined as those individuals with a weighted airsickness index
equal to or greater than 27.2 which marked the upper decile for this measure.

RESPOHSE VARIABLE H NONAJRSICK AIRSICK
NO. DESCRIPTION STATISTIC MEAN S.DEV. S. ERR N MEAN S BEV, S ERR. N

1 S-AIRSICKNESS IHDEX-UU 188.67* .6 8 .6 79 67.5 19, 6 3.8 38
2 S-VOMITING INDEX-UU 86,42* .6 .8 , 79 45.8 27.8 4.4 38
3 S-P.EGRADATIOH INDEX-UU 84.19* 1.6 5.9 .6 78 58.6 25,1 4,1 39

4 S.t4ERVOUSHESS INDEX-UU 44 24* 33 3 29.2 3 .5 7 B8 1 28.9 3.4 30
5 S-MEDICATION INDEX-UW 2? 59* .4 3.8 .4 71 11,4 19.2 3.1 38
6 S-AIRSICKNESS INDEX-U I86,11* .8 .8 . 70 36.8 6 Is, .? 38
7 S-VOMITIHG INDEX-U 86. 42* . .8 .6 7 28. 2 16.9 2,7 38
8 S-P.DEGRADATION INDEX-U 84, 85* 4 2.0 .2 76 26. 4 14,8 2.3 39
9 S-HERVOUSHESS INDEX-W 44, 2 1* 13 .6 2.9 1 5 7 36 3 13,1 2.1 38

10 S-MEDICATIOH INDEX- 2? .59* 4 3, .4 76 11 4 19. 2 3,1 36
S11 I-AIRSICKNESS INDEX-UV 93. 7* 3 1.9 2 76 51 2 22 1 3.6 38
12 I-VOMITINC INDEX-UU 91, 6* 1 ,9 .1 7 45 3 23 7 3,8 38
13 I-P.DEGRADATION INDEX-UU 93. 11* 5 2.7 3 79 4t .9 19, 9 3.2 39
14 I-HERVOUSNESS INDEX-UU 37, 72* 28,9 14.5 17 70 53. 3 27 5 4,5 39
15 I-TURBULENCE INDEX-UW 41.77* 17.9 13,9 1.? 7Q 45.9 23.2 3.8 38
16 I-AIRSICKNESS IHDEX-U 93.75* .6 .1 7'A 27.7 14.0 2.3 38
17 I-VOMITIHG IHDEX-U 91,67* .0 .3 ,9 7. 27.3 14,5 2.3 38
18 I-PDEGRADATION INDEX-U 93, 4* .2 .9 1 76 19.9 9 9 1,6 38
19 I-NERVOUSNESS INDEX-U 37 28* 7.4 5. 8 .7 7 20,2 11.1 1 , 38
28 I-TURBULENCE INDEX-,U 44 62* 9.9 7. .8 76 24,3 12. 7 2.1 30
23 TMSQI-MS HISTORY, PART 1 8 .32 4.9 18 5 1.9 3 12.7 13.7 3,5 15
24 TMSQ2-,MS HISTORY:PART 2 6. 48 2.9 6.1 1 34 9.7 1o 9 2.9 1s
25 TMSQ3-'MS HISTORY SUM 18tt1 7.6 14.9 2.? 38 22.3 22.3 5.8 15
26 TSANX-STATE/ANX.QUEST. 6.53 26.7 7.1 1.3 36 32.4 7.6 2.8 14
27 TTANX-TRAIT/AHX.QUEST, 5. 95 25.8 6. 5 1 2 38 29.6 S 3 1,4 14
28 TBVDT-8VDT TIME OF DAY 26 8.8 6 1 38 8.8 .6 .2 15
29 TBVDR-BVDT RATER 6.94 12.6 3.9 .7 36 15.6 4.2 1.1 15
39 TSVD$-BVDT SELF-RATING 4.78 16.6 5.3 t.0 39 14.3 5,8 1,5 15
31 TBVDP-LVDT POST-RATING 10.666 .9 2.9 .4 38 3.8 4.3 1, 15
32 TVVSPI-VVIT STATIC-RIGHT .15 121,6 6.2 1.1 39 123.1 3,3 .9 14
33 TVVSP2-VVIT STATIC-WRONG 1.19 5.6 4.9 .9 36 3.9 2.6 .7 14
34 TVVSP3-VVIT STATIC-OMIT .96 1.9 1,9 .3 39 2.1 2,4 .6 14
35 TVYDPI-VVIT DYNAMIC-RIGHT 4,81 86.4 25.9 4.? 36 62.7 36.? 9.9 14
36 TVVDP2-VVIT DYNAMIC-UROHG 3.89 11.6 7.5 1.4 36 8.2 8.9 2.4 14
37 TVVDP3-VVIT DYNAMIC-OMIT 3.94 31.9 26.8 4.9 30 59.1 41.8 11.2 14
38 TVVIR-VVIT RATER 11.45* 12,1 4.7 .9 36 19.9 7.9 2.1 14
39 TVVIS-VVIT SELF-RATING 9.316 19.2 5.5 1.9 36 t16. 6.8 1.s 14
40 TVVIP-VVIT POST-RATING 9.71# 4. 8.7 1.6 36 12.9 18.4 4.9 14
"41 TVVIT-VVIT TIME OF DAY 1289 9.9 1.8 .2 31) 28.2 .9 .3 14

S a $TUDENT RESPONSE DATA UU z UNUEIGHTED RESPONSE INDEX
I v INSTRUCTOR RESPONSE DATA U - UEIGHTED RESPONSE INDEX
*# SINIFICANT BEYOND THE .8t LEVEL
* SIN1FICANT BEYOND THE .001 L.EVEL
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Aý Table VIII provides a similar comparison between students with a
high (upper decile) weighted vomit index (variable 7) and students who
never reported vomiting on their training flights. This latter group,
representing approximately 47 percent of the squadron population for
which student-based weighted vomit index scores were available, includes
both those Table VII students who were never airsick and thus never

Y, vomited and those students who were occasionally airsick but never
reported vomiting. The upper decile, as derived from the Figure C2-B
distribution data, for the susceptible student group was marked by a
weighted vomit inoex score of approximately 21.8. As indicated in Table
VIII, all flight indices were significantly different for the two popu-
lations. In the case of the laboratory test scores, significant differ-
ences were found for the BVDT rater score, one element of the WIT
dynamic performance test, and for all three WIT rating scores.

In like manner, a Kruskal-Wallis one-way analysis of variance was
applied to two student groups distinguished by the amount of inflight
performance degradation experienced as a result of airsickness. As
indicated in the heading of Table IX, the nonsusceptible student group
was defined by those students who never reported the incidence of per-
formance degradation. This group represented approximately 33 percent of
the total study population. The susceptible group was defined by those
students with a weighted performance degradation index (variable 8) that
equaled or exceeded the upper decile score of approximately 20.1 as
derived from the Figure C3-B distribution data. Significant differences
between the two populations were found for all flight indices. In the
case of the laboratory test scores, significant differences were observedfor the State/Anxiety Test, the BVDT rater score, two elements of the
VVIT dynamic performance test, and all three WIT rating scores.

Table X presents a corresponding analysis based upon the weighted
nervousness index scores. The upper decile used to identify the highly
nervous population was marked by a weighted nervousness index score
(variable 9) of approx'nuately 43.4 as derived from the Figure C4-B
distribution data. The non-nervous group, i.e., the students who reported
they never experienced nervousness during flight training, included only
7.1 percent of the total study population. In this analysis, significant
differences between the two populations were found for all flight indices
except the medication variable. The mean values for the unweighted and
weighted airsickness, vomit, and performance degradation due to airsick-
ness responses were consistently higher for the students who reported
experiencing the greatest degree of anxiety/nervousitess. This applies
also to the instructor ratings of the same airsickness-related response
variables. Similar results (3) were observed in the VT-10 population
who flew the old syllabus. For the laboratory tests, only the self-
rating and post-rating scores of the WIT provided a statistically
significant difference at the .01 level or better between the two student
groups. (However, several other test scores were significantly different
at the .05 or better level.)

In Tables VII through X, the classification criteria used to
define the susceptible and nonsusceptible populations were based upon
flight indices derived from the student judgments of their own experiences.
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Table VIII

oResults of a Kruskal.-WaLlis one-way analysis of variance comparison of students who never
reported vomiting during flight training with students who reported a relatively high incidence
of vomiting. The non-vomit group, defined as those students with a weighted vomit index (vari-
able 7 from the student quest ionnaire data) equal to 0.0, represented approxinately 47 percent
of the study population. The vomit group was defined as those students With a weighted vomit
index equal to or greater than 21.8 which marked the upper decile for this measure.

RESPONSE VARIABLE H NOHVOMIT VOMIT

NO, DESCRIPTION STATISTIC MEAN SDEV. S.ERR. 1 MEAN $.EV. S.ERR. N
----- --- -- ---- -- ---- -------------------------------------------- - - - ------------ -- -- -- -- -- -- -- - -----
I S-AIRSICKr4ESS INDEX-UW 78, 7* 13.S; 18.7 1.4 171 61 8 19,2 3.2 37
2 S-YGMITING INDEX-UW 2e4 39* .8 .8 .8 171 52. 9 28.3 3.3 37
3 S-P.DEGRADATION INDEX-UW 93,62* 5.? 11.5 .9 171 51.1 21.9 3,6 3?
4 S-NERVOUSNESS INDEX-UO 27 21* 43 8 31.8 2.4 171 74. 6 25,5 4.2 37
5 S-MEDICATION INDEX-UW C•. .76* 1 1.9 .1 171 11. 5 19,4 3.2 3?
6 S-AIRSICKNESS INDEX-W 86,89* 5.6 8.1 .6 171 33.7 12.8 2.1 3?
7 S-VOMITING INDEX-W 294.48* .8 .0 .8 171 33.8 12.3 2.8 3?
8 S-P.DEGRADATION INDEX-U 94 .61 2. 3 5.6 .4 171 25,3 12. 1 2.9 37
S' S-NERVOUSNESS INDEX-W 27. 24* 18. ? 16.9 1.3 171 34.8 15. 1 2.5 37

18 S-MEDICATION INDEX-W 6? 76* 1 1.9 ,1 t17 11.5 19. 4 3.2 3?
11 I-AIRSICKNESS INDEX-UW 185.35* 5.8 9.9 .8 178 55.8 18 7 3,1 3?
12 I-VOMITING INDEX-UW 167.99* 7 3.3 3 178 58.1 28. 8 3. 3 3?
13 I-P.DEGRADATION INDEX-UW 121.99* 2.7? 6.5 5 17$ 42.5 18 7 3 1 3?
14 I-NERVOUSHESS INDEX-UW 38.15* 24.2 18,1 1 .4 178 54,9 27. 2 4 .5 37
15 !-TURBULENCE INDEX-UW 38.13* 20.2 14,2 1 .1 179 44.4 24 2 4. 8 3?
16 I-AIRSICKNESS INDEX-W 109.98* 1,8 3,5 3 178 29. 1 12. 6 2. 1 3?
17 I-VOMITING INDE)'-U 168,574 .2 1.1 .1 178 29.4 12.1 2.9 3?
18 I-P.DEGRADAATION INDEX-W 121, 99* 1.8 2.6 .2 170 18.8 9.8 1 .6 37
19 I-NERVOUSNESS INDEX-W 35. 83 9.2 7.7 .6 178 28,8 11.1 I a 37
28 I-TURBULENCE INDEX-U 34 58* 1,83 7.4 .6 170 22.6 13.7 2.3 37
23 TNSQI-MS HISTORY, PART 1 1.66 6.5 9.1 1. 8 7? 13,1 16. 7 5.3 18
24 TMS02-MS HISTORYPART 2 2.25 5. 2 7,8 .8 77 19.2 18.9 3.4 18
25 TMSQ3-'S HISTORYSUM 3.24 11.7 13.8 1.6 77 23.3 24.7 7.8 18
26 TSANX-STATE/ANX•QUEST. 2.23 28 3 6, 7 .? 76 Z3. 2 10, 6 3. 4 18
27 TTANX-TRAIT/ANXQUEST. .51 28.4 7.1 .8 76 29.5 6.3 2.8 t8
28 TBV8T-BVDT TIME OF DAY .81 0 9 .9 1 77 9. 6 2. .6 10
29 TBVDR-BVST RATER 7.356 t2.? 4.9 .6 77 17.1 7.2 2,3 i1
38 TBVDS-BVDT SELF-RATING .96 1t14 5.3 .6 77 13.5 6.4 2.8 18
31 TBVDP-8VDT POST-RATING 1.86 1.7 3.4 .4 75 3.5 5.4 1.? 19
32 TVVSP1-VVIT STATIC-R IGHT I .5 122. 6,9 .8 77 122. 3 3. 4 1. I t
33 TVVSP2-VVIT STATIC-WRONG .64 4.6 4,9 .6 7? 4. 6 2. 6 .9
34 TVVSP3-VVIT STATIC-OMIT .74 1.6 2,6 .3 77 2.1 2.5 .8 18
35 TVVDPI-VVIT DYNAMIC-RIGHT 6. 95# 99 6 29.5 3.4 77 61.3 29 7 9 4 18
36 TVVDP2-VVIT DYNAMIC-WRONG .85 9.3 7.1 .8 77 18.1 8.3 2.6 10
37 TVVDP3-VV1T DYNAMIC-OMIT 6.87 29.9 29.7 3.4 77 57.9 36.9 i1.4 18
38 TVVIR-VVIT RATCR 9.85a 12.9 5.2 .6 77 18.8 5. 7 1 .8 I
39 TVVIS-VVIT SELF-RATING 6.85# 11.6 5.6 .6 7? 16.4 5.3 1.7 18
48 TVVIP-VVIT POST-RATING 7.71# 6.8 22.2 2.5 77 13.2 17.2 5.4 18
41 TVVIT-VVIT TIE OF DAY .24 18.0 1.1 .1 77 18.1 .8 .2 18
------------------------------------------------------------------------------------------------------
S a STUDEN4T RESPONSE DATA U9 = UNWEIGHTED RESPONSE INDEX
I a INSTRUCTOR RESPONSE DATA U = WEIGHT•D RESPONSE INDEX
I a SIGNIFICANT BEYOND THE .81 LEVEL
* u SIGNIFICANT BEYOND THE .881 LEVEL
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Table IX

Results of a Kruskal-Wallis one-way analysis of variance comparison of sttidents who never
reported experiencing performance degradation due to airsickness with students who reported a
relatively high incidence of performance degradation. The non-affected group, defined as those
students with a weighted performance degradation index (variable 8 from tile student question-
naire data) equal to 0.0, represented approximately 33 percent of-the study population. Thu
affected group was defined as those students with a weighted performance degradation index equal
to or greater than 20,1 which marked the upper decile for this measure,

RESPONSE VARIABLE H NO PER.DEGRADATIOH HIGH PER. DEGRADATION
NO. DESCRIPTION STATISTIC REAN S,DEV. S ERIR. N MEAN S. DEV. S, ERR. H

I S-AIRSICKNESS IHDEX-UW ?? 34* 19.1 18.2 1.? t12 61.1 20, 1 3.3 3?
2 S-VOMITI1G IHDEX-UU 122.25* 1.6 9.6 .9 129 45,1 22.8 3,6 37
3 S-P.DEGRADATION INDEX-UU 152. 36* .9 .8 .9 120 55.8 29.3 3.3 37
4 S-HERVOUSHESS IHDEX-UU 34, 09* 39.9 33, 3.8 120 78,2 21.7 3.6 37
5 S-MEDICATION INDEX-UU 46.22* .1 1.5 .1 120 9.9 17.4 2.9 37
6 S-AIRSICKNESS INIEX-U 85.88* 3.5 6,2 .6 129 35.1 12.8 2.1 37
7 S-VOMITING INDEX-U 123. 81* 5 3,2 .3 120 28.8 15,6 2,6 37
8 S-P.DEGRADATION INDEX-U 152 34* .0 . 0 128 30,1 19,1 1.7 3?
9 S-HERVOUSNESS INDEX-U 37, 71* 17.0 16. 4 1 5 129 35.•7 12,6 2, 1 37

18 S-MEDICATION INDEX-U 48 22* 1 1.5 1 120 9.9 17.4 2.9 37
11 I-AIRSICKNESS INDEX-UU 94. 25 4. 1 9,9 .9 119 49.9 21.5 3,6 36
12 I-VONITING INDEX-UU 115.97* 1.4 6,8 .6 119 43. 23.1 3,9 36
13 I-PDEGRADATION INDEX-UU 112,8* 1.9 6.3 .6 119 39.6 19.3 3.2 36
14 I-NERVOUSNESS INDEX-UU 32.53* 23.? 18.2 1. 7 119 51.9 25.2 4 2 36
15 I-TURBULENCE INDEX-.UU 29,81* 2A.5 16.1 1 .5 119 43,4 22.8 31 36
16 I-AIRSICKNESS IHDEX-U 98.33* 1.5 3,7 .3 119 27.3 14.0 2.3 36
17 I-VOMITING INDEX-U 117.6?* .6 3,2 .3 119 26.4 14,5 2, 4 36
IS I-P.DEGRADATION INDEX-U 112,95* ,7 2.4 .2 119 17.9 19,1 1.7 36
19 I-HERVOUSHESS IHDEX-U 35.35* 8.9 7,7 ,7 119 19.8 9,5 1.6 36
28 I-TURBULENCE INDEX-U 27. 34* 18,? 8.0 .7 119 22,3 12,9 2. 2 36
23 TMSQI-MS HISTORY, PART 1 5.12 5.9 9.3 .3 51 13,2 15.1 3.9 15
24 TMSQ2-MS HISTORY, PART 2 2.82 5.8 7. 1 1,l 51 10.1 1.2 2.6 15
25 TMSG3-HS HISTORYt SUM b.46 18.9 13.6 1.9 51 23,3 22,7 5,9 15
26 TSAHX-STATE/ANX. QUEST, 3 270 27.5 6.3 .3 51 34.1 9.0 2.3 15
2? TTANX-TRAIT/ANX.QUEST. 3. 14 26.8 6.1 .9 51 29,3 5.6 1.4 15
28 TBVDT-8VDT TIME OF DAY .47 8.8 .8 ,1 51 9,8 1,9 .2 15
29 TOYDR-BYDT RATER I 066 12, 7 4. 4 .6 51 17, 0 6. 6 1,17 1530 TBYDS-BVDT SELF-RATING 4.89 11.6 5.8 19 51 15,7 6.7 1.7 15

31 TBVDP-BVDT POST-RATING 4.35 1.6 3.4 .5 50 5.1 7 9 2.8 15
32 TVVLPI-VVIT STATIC-RIGHT .02 1221 6. 2 .9 51 122.9 5,. a .9 15
33 TYVSP2-VVIT STATIC-URONG 1.03 5.2 4.4 .6 51 3,7 2.6 7 15
34 TVVSP3-VVIT STATIC-OMIT 92 17 2. 6 .4 51 2.5 3.8 .8 15
35 TVVDPI-VVIT DYNAM IC-RIGHT 11.49* 92.0 28.0 3.9 51 56,5 34.? 9.8 15
36 TVVDP2-VVIT DYNAMIC-UROHG 1 32 10.1 7.4 1.0 51 7.6 6.9 1.9 15
3? TVVDP3-VVIT DYNAMIC-OMIT 12.02* 26.9 27.7 3.9 51 64,9 39.9 18.1 !5
38 TVVIR-VVIT RATER 17,45* 12.2 5.3 .7 51 28,0 6.5 1.7 15
39 TVVIS-VVIT SELF-RATIHG 7.95t 11.3 6.0 .8 51 16.1 6.3 1.6 15
48 TVVIP-VVIT POST-RATING 9 78# 6.6 25.7 3.6 51 13,5 19.9 4,9 15
41 TVVIT-VVIT TIME OF DAY I .32 9.9 1. 1 .2 51 18.2 1.1 .3 15

S a STUDENT RESPONSE DATA UU a UNUEIGHTED RESPONSE INDEX
I ' INSTRUCTOR RESPONSE DATA U a UEIGHTED RESPONSE INDEX ,i
* - SIGNIFICANT BEYOND THE ,01 LEVEL

SIGNIFICANT BEYOND THE ,981 LEVEL
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Table X

Results of a Kruskal-Wallis one-way analysis of v iriance comparison of students who never
reported experiencing nervousness before or during a flight with students who reported a rela-
tively high incidence of nervousness. The non-nervous group, defined as those students with a
weighted nervousness index (variable 9 from the otudent questionnaire data) equal to 0.0, repre-
sented approximately 7 percent of the study population. The nervous group was defined as those
students with a weighted nervousness index equal to or greater than 43. ' which marked the upper
decile for this measure.

RESPONSE VARIABLE H NONNERVOUS NERVOUS
No. DESCRIPTION STATISTIC MEAN S.DEV, S. ERR. N MEAN S.DEV. S.ERR. 14

----------------------------------- -- -------- -- -- -- -- -- -- ---------- -- -- -- -- -- -- -- -- -- -- -- ----
I S-AIRSICKNESS INDEX-UW 2C 114. 18. 6 13.4 2.6 26 45.., 26 .4 4.5 3t

2 S-VOMITING INDEX-UW to ,5* 3. 6. 5 1.3 26 23.3 25 0 4,2 35
3 S-P.DEGRADATION INDEX-UW 21 ,49* 4 2 7.8 1.5 26 32.1 26. 7 4.5 35

4 S-HERVOUSHESS IHIDEX-UW 49. 9* . .a a9 26 93.4 8 4 1.4 35

5 S-MEDICATION INDEX-UW 3. 12 0 .a .0 26 2.6 9 1 1.4 35

6 S-AIRSICKNESS INDEX-W 28. 16 4 2 5,6 1 1 26 23. 9 14, 7 2,5 35

7 S-VOMITING INDEX-W 1. 64# 2 0 4.5 9 26 13. 9 14. 9 2.5 35
B S-PDEGRADATIO IlNDEX-4 21. 54* 1.9 3.7 ? P6 16, 3 14, 4 2,4 35

9 S-NERVOUSNESS INDEX-U 47. 0* .9 ,9 . 26 54.1 19,0 1,9 35

19 $-MEDICATION INDEX-W 3. 12 a . .0 26 2,6 . I I .4 35
S11 I-AIRSICKNESS INDEX-UU 16. 54* 6,4 9,1 1,9 26 2, A 22. 4 3 8 35
12 I-VOMITING INDEX-UW 9160# 3.9 6.6 1. 3 26 21,6 23. 5 4. 9 35
13 I-P.DEGRADATION II4DEX-UW 17.21* 2,8 5.9 1.2 26 29.1 19,1 3, 2 35
14 I-HERYOUSNESS INDEX-UW 29,87* 14.6 13,2 2.6 26 48.0 23.3 3 9 35
15 I-TURBULE14CE INDEX-UU 11,94* 19,5 15. 1 3.9 26 33, 1 16,5 2. 8 35
16 ]-AIRSICKNESS IIDEX-U 17,99* 2,5 3.7 .7 26 13,2 11.8 1.9 35
17 I-VOMITING INDEX-U 9,451 1,9 4.3 10 26 12,1 14.0 2.4 35
19 I-P.DEGRADATION INDEX-U 17.41* 1.2 2.3 .5 26 9,1 9.9 1,5 35
19 I-4ERVOUSHESS INDEX-W 32.66* 5.1 5.8 1.8 26 19,6 9.9 1.? 35
20 I-TURBULEHCE INI)EX-W 9.554 19 .3 a,5 1.7 26 17.3 9.9 1. v 35
23 TMSQI-MS HISTORY PART 1 I 31 3,6 5.8 1.9 7 13,5 16.1 4.5 13
24 TMSQ2-MS HISTORY, PART 2 6 24 ,5 1.3 ,5 7 9.9 8.7 2,4 13
25 "r4803-NS HISTORY SUM 3.93 4.1 5.8 2.2 ? 22.4 23.6 6.5 13
26 TSANX-STATE/ANX.QUEST. 2,46 27. 5.7 2,2 7 32,2 9:7 2,8 12
2? TTANX-TRAIT/ANX.QUEST. 3. 52 24. 2.3 .9 ? 28.1 5.4 1 .6 12
28 TBVDT-BVbT TIME OF DAY a0 9,1 a8 .3 7 9.5 1.8 ,5 13
29 TPVDR-BVDT RATER 57 11.9 1.4 ,5 7 15,2 ?,9 2,2 13

30 T84DS-BVDT SELF-RATING 16 13.1 6.4 2.4 7 14,1 5.8 1,6 13

31 TBVDP-BVDT POST-RATING 2.60 .6 1.1 .4 7 4.1 5.6 1,6 13
32 TVVSF1-VVIT SYATIC-RIGHT .31 123,? 2.9 1.1 7 122.5 4.1 1,2 12
33 TVVSP2-VVIT STATIC-WRONG 48 4. 9 2.7 1.9 7 4. 2.3 .7 12
34 TVVSP3-VVIT STATI-OhI T 3.64 4 1.1 .4 7 2.5 2.5 .7 12
35 TVVDPI-VVIt DYNAMIC-RIGHT .18 93.1 30.1 11.4 7 78.9 33.8 9.9 12
36 TVVDP2-VVIT DYNAMIC-WRONG 2.59 13.0 7.7 2,9 7 7.7 5.6 1.6 12
37 TVVDP3-VVIT DYNAMIC-OMIT .52 32.9 24.4 9.2 7 43.3 36.7 1•.6 12
38 TVVIR-VVIT RATER 5 23 11. I I .,6 7 16.4 6.7 1.9 12
39 TVVIS-VVIT SELF-RATING 7,570 8.6 3.5 1.3 7 17.5 5.7 1.6 12
40 TVVIP-VVIT POST-RATING 7. 8 .4 .5 .2 7 15. 7 19.9 5,5 12
41 TVVIT-VVIT TIME OF DAY .89 19.9 1.3 ?5 7 10.1 1.1 .3 12

8 " STUDENT RESPONSE DATA UY a UNWEIGHTED RESPON14E INDEX
I a INSTRUCTOR RESPONSE DATA U m WEIGHTED RESPONSE INDEX
, a SIGNIFICANT BEYOND THE .91 LEVEL

v SIGHIFICAHT BEYOND THE .013 LEVEL
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It should be recognized that the classification criteria could also be
derived from the instructor judgments of student flight performance.
This is demonstrated by Table XI which is identical to Table VII, with
the exception that the airsick and nonairsick populations are defined by
the instructor-based weighted airsickness index (variable 16) instead of
the corresponding student-based index (variable 6). With this instructor-
based airsickness index, the highly susceptible (upper decile) population
was defined as those students who had a weighted airsickness index equal
to or greater than 20.3 as derived from the Figure C1-D distribution
data. The low susceptibility group for the instructor-based population
subdivision (students judged by the instructors to have never experienced
airsickness during training) included approximately 32 percent of the
squadron population. It should be noted that the nonairsick student
group defined by the students proper included only 19 percent of the
population, again reflecting the general underestimation of airsickness
by the instructors. Examination of Table XI indicates that all 20
flight indices are significantly different, which is in agreement with
the student-based analysis presented in Table VII. However, only two of
the laboratory tests showed significait differences at the .01 level or
better; i.a., the BVDT rater and VVIT rater scores. (Again, several
laboratory tests show significant differences at the .05 level or better.)

FLIGHT AND LABORATORY DATA CORRELATIONS

As with the previous reports in the longitudinal study, a Spearman
rank correlation analysis corrected for tied scores was applied to the
flight and laboratory test score data to gain some insight into relation-
ships that may exist among the different response variables. The results
of this analysis are presented in matrix form in Table XII, with the
total number of data pairs associated with a given correlation coefficient
within this matrix tabulated in similar form in Table XIII. Table XII
also lists the unity value correlation of a variable with itself so as
to establish the total number of observations available for analysis.
To establish the statistical significance of the rank correlation coef-
ficients, a t statistic was calculated for each relationship and a
standard two-tailed student t-test table evaluation performed. Those
correlations which the t-test evaluation identified as being atatisti-
cally significant at the .01 and .001 levels or greater are identified
accordingly in Table XII. To facilitate the general interpretation of
the relative strength of relationship described by the magnitude of the
correlations, the definitions of Guilford (ref. 1, p. 145) as described
below will be arbitrarily adopted for discussion: "

Less than .20 Slight; almost negligible relationship
.20-.40 Low correlation; definite but small relation-

ship
.40-.70 Moderate correlation; substantial relation-

ship
.70-.90 High correlations; marked relationship
.90-1.00 Very high correlations; very dependable

relationship.
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Table XI

Results of a Kruskal-Wallis one-way analysis of variance comparison of students identified by
the flight instructors as never being airsick with scvdents identified by the instructors as
having a relatively high incidence of airsickness (see Table VII for an equivalent comparison
based upon student judgments). The non-airsick group, defined as those students with a weighted
airsickness index (variable 16 from the instructor questionnaire data) equal to 0.0, represented
approximately 12 percent of the total study population. The airsick group was defined as those
student:s with a weighted airsickness index equal to or greater than 20.3 which marked the upper
decile for this measure.

RESPONSE VARIABLE H NONAIRSICK AIRSICK
NO. DESCRIPTION STATISTIC MEAN S.DEV, $.ERR. N MEAN S.0EV. S.ERR, N

I S-AIRSICKNE8S IHDEX-UV 81.69* 8.7 16,8 1.5 117 62.8 19.5 3.1 36
2 S-VOMITING INDEX-UIU 148 44* .8 . .0 117 52.5 21 3 3.5 36
3 S-P.DEGRADATION INDEX-UU 94. 26* 3.0 6.8 .6 II? 58.9 22 8 3.8 36
4 S-NERVOUSHESS INDEX-UV 21 03* 48 5 32.5 3. 117 78.6 28 9 4.8 36
5 S-MEDICATION INDEX-Ui 40893* .2 2.3 .2 It1 11,9 19.9 3.3 36
6 S-AIRSICKNESS INDEY,-U 86.84* 3.1 5.6 .5 I1? 34,2 12.9 2,1 36
7 S-VOMITING INDEX-U 14. 45* . .8 .0 117 32,1 13. 6 2.3 36
8 S-PDEGRADATION INDEX-W 95.25* 1.1 2,6 .2 It? 24.9 12,6 2.1 36
9 S-NERVOUSNESS INDEX-U 21.91* 17.3 16.7 1.5 117 31.6 15.6 2.6 is

10 S-MEDICATION INDEX-W 49.83* .2 2.3 .2 117 11.9 19 9 3.3 36
11 I-AIRSICKNESS INDEX-UV 158.29* .8 0 . 1 19 56,? 1 .8 3.8 3?
12 I-VOMITIHG INDEX-UU 150.29* .e . .8 119 51.6 19 4 3.2 3?
13 I-P.DEGRADATION INDEX-UU 136.77* .5 2.4 .2 118 43.5 10.7 3.1 3?
14 1-NERVOUSHESS INDEX-UU 38. 96* 21.8 16, 5 1.5 118 54.3 28 3 4.7 37
15 I-TURBULENCE INDEX-Ui 43.88* 17.5 13.1 1.2 119 45,4 25.2 4,1 37
16 I-AIRSICKNESS INDEX-Is 15. 27* .0 . .0 118 31,1 11 4 1,9 37
17 I-VOMITIHG INDEX-U 150 .28* 8 .0 .8 110 31. 1 11.1 1.8 3?
18 I-P.DEGRADATION INDEX-U 136 .96& 2 9 1 118 20.8 9 8 1.6 37
19 I-NERVOUSNESS INDEX-U 35.43* 8.1 6.7 .6 118 20,3 It.5 1.9 37
28 I-TURSULEt -- INDEX-U 39 74* 9.0 7 0 .6 118 22, 9 14, 1 2.3 37
23 TMSOI-MS HISTORYi PART 1 2.79 6.8 9..3 1.3 53 12.5 15. 5.2 9
24 TMS92-MS HISTORYt PART 2 .21 5.4 7. 6 1 .1 53 6.9 9 3 3. 1 9
25 TMS$3-MS HISTORY SUM 1 63 1 1.4 14. 4 2.0 53 19,4 23. 9 9. 9
26 TSARX-STATE/ANX.QUEST. 2.98 27. 9 6.6 .9 53 32.7 8 .1 2,? 9
27 TTANX-TRAIT/ANX.QUEST. 1 .9? 27. 5 7.8 I 53 38. 1 5 ? 1.9 9
28 TOVDT-BVDT TIME OF DAY .07 8.8 8 1 53 8, 7 6 .2 9
29 TBVDR-BVDT RATER 9. 55# 12 3 4. 3 .6 53 17.09 4. 2 1.4 9
38 TBVDS-BVDT SELF-RATING .36 11.8 4.9 .7 53 12.3 6.1 2.8 9
31 T9VDP-BVDT POST-RATING 1,48 1.5 3.4 .5 51 1.7 2.2 7 9
32 TVVSPI-VVIT STATIC-RIGHT .25 122.5 5.8 a . 53 122.8 3. 2 1 .1 9
33 TVVSP2-VVIT STATIC-WROHG .08 4.9 4.4 G 53 4.3 2,8 .9 9
34 TVVSP3-VVIT STATIC-OMIT 12 1.6 2.1 .3 53 1.9 2. 4 .8 9
35 TVVDPI-VVIT DYNAMIC-RIGHT 4. 70 89.7 27. 4 3.8 53 65. 1 29. 3 9. 9
36 TVVDP2-VVIT DYNAMIC-URONG .02 9.5 5.8 .8 53 10.6 8.7 2.9 9
37 TVVDP3-VVIT DYNAMIC-OMIT 3.99 29.8 27.2 3.7 53 53.3 35,1 11.7 9
39 TVYIR-YVIT RATER 13 .130 11.7 4.3 6 53 19. 1 6. 1 2.8 9
39 TVYIS-VVIT SELF-RATING 5.41 18.9 5.5 .8 53 15.4 6.0 2.9 9
48 TVVIP-VVIT POST-RATING 5 14 6.5 25.2 3.5 53 4.6 4 5 1.5 9
41 TVVIT-VVIT TIME OF DAY .14 9.9 1.2 .2 53 18.0 .7 .2 9

S - STUDENT RESPONSE DATA UV a UNUEIGHTED RESPONSE INDEX
I - INSTRUCTOR RESPONSE DATA W a WEIGHTED RESPONSE INDEX
# = SIGNIFICANT BEYOND THE .01 LEVEL

u SIGNIFICANT BEYOND THE .901 LEVEL

4,
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Correlation matrix for the Squadron VT-10 fl'i

RESPONSE VARIABLE

NO. DESCRIPTION 1 2 3 4 5 6 7 8 9 18 1it

IS-AIRSICVtdESS IHDEX-UU as9

7 S-VOMITIHG INDEX-U .9 9*.5 26 3*.510
8 S-P DEGRADATION HDF.X-UW .75* .750 .960 3*.3*.2 .81
9 S-NERVOUSNESS INDEX-UW 39* .26* .34*1 .as 1 4*.2*.71

18S.IEDICATIO4 11DE-U6 .23 .36* 30* .09 1,8 . 29 .*.2e.810
11 1-AIRSICKNESS IN~DEX-4 796 .84* .86 1.2* .29*1 .82 .8.e*.8 32I3~
72 1-VOMITING INDEX-U .71* .94* .74* .24* .3* 75*1 B94 .7*.5 3*.

13 -P.DEGRADATION ID-U 71* .82* .75* .7* .35* .6* 82*1 .77 0 2*05*.8

9 14 -NERYOUiSNESS INDEX-WJ .39* .35* .33* .93* .13* .41* .25* .37*1.52 .3 .1
15 S-TURBJLEHCE INDEX-U .239* .48* .30* .291*.220 .42* .41* .32* .22* .22*99 7
16 I-A~IRSICKNESS INIDEX-UW .78* . 86* . 77* . 28* . 35* . 83* . 81* . 79* .29* . 35*1 36,'
12 I-VOMITING INDEX-UW .78* .94* .74* .24* .39* .76* .94* .76* .25* .39* .861

13I-P.DEGRA')ATIQt4 INDEX-UJ .71* .82* .74* .26* .36* .78* .83* .78* .28* .36* .88~
19 I-NERVOUSNESS INDEX-U4 .38* . 35* .38* , 53* . 12 .41* .35* .39* .55* . 12 .41-

15 I-TURSULENCE INDEX-UW .34* .37* .31* .21* .22* .38* .39* .32* .18* .20* .4?"

23 TSI-VMS IH1STOR'ZPART .22* .18 .18 .18 .17 .2* .17 .14 .11 .17 .150
24 IM~-P.DEGRISTQRY PART 21 . 2* .29* .716 .21* .28* . 24* .183 .13* .218* .28* .8194

25 TMSQ3. -MS HISTORYt SUM .29* .22*# 19# .21* .22# 27* .20# 16 .20# .22# 204
26 TSANX-STATE/AHX. QUEST. .25* .24# .28* .17 .16 .25* .22# .31* .19 .16 .261
27 TTANX-TRAIT/ANX. QUEST. . 18 . 19 . 18 .28*-. 93 . 16 .087 . 18 .28*-. 03 . 151"
28 TBVDT-SVDT TIME OF DAY .05 .e .06 -06 -01 .07 080 .06 -04 0.1 9 5

29 TeVDR-8VDT RATER .21# .25* .24# .16 .09 .23# .24# .26* .17 .09 .204
38 TCVDS-8VDT SELF-RATiNG .24# .15 .16 .12 .09 .24* .17 .22* .13 .89 .211
31 TSVDP-8VDT POST-RATING .28* .290 18 .13 .02 .28* .19 .21* 15 082 .?

32 IYYSP1-YVIT SYATIC-RIG11T -01 -8 .B-02 -. 4 .09 .03 -. 18 -01 -. 6 -. 9 -

33 TkVSP2-VY'hT STATIC-WRONG -03 .11 -06 -88 .01 .03 .11 -07 .80 .81 . 04.''
7 34 TYVSP3-VVIT STATIC-OMIT .085 . 15 ee 12so.6 .0 5 1 .1 8 8

35 TVVDPI-VYIT DYNAMIC-RIGHT -. 14 -.26*-. 24#-.03 -07 -. 17 -. 25*-. 28*-. 05 -e? 22

36 TVV1JP2-VVIT DYNAMIC.-WRONG -. 3 05 .03 .03 -10 -03 .05 e8 .05 .18e -. 1
37 TYVDP3-VVIT D Y NAM IC -0M IT .15 .25* 23$ .03 .07 .17 .25* .274 e 5 .07 .22j'

38 TVVIR-VVIT RATER .34* .35* .39* .09 .15 .40* .36* .43* 089 .15 .431

39 TVVIS--VVIT SELF-RATING .33* .33* .33* .17 .1? .38* .350 .37* .19 .1? 3. 33
49 TYVIF-YVIT POST-RATING .24# 17 .24# .21* .20# 9* 19 .27* .22* .2e* # 224
41 TiiVIT-VVIT TIME OF DAI .04 -01 .04 .01 .01 .07 .0 .08 .0 01 e 7,1

S STUDENT RESPONSE DATA UWi = UNUE1GHTED RESPONSE INDEX
I INSTRUCTOR RESPONSE DATA W = EIGHTED RESPONSE INDEX
# SIGNIFICANT BEYLN THE .01 LEVELL * SIGNIFICAiNT BEYOND THE .001 LEVEL

wvi
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Table XII

(uadron VT-1O flight and laboratory data based upon the Spearman rank correlation coefficient adjusted for tie,•

RESPONSE YARIABLE
9 18 11 12 13 14 15 16 17 18 19 28 23 24 25 26 27 28

I as

ý.28* .32*1.88
.25* 36* 86*1 09
v.28* 35* 88* 83*1 80
4 52 * 13# 41* 36.1 44*1 e9
'I22 * 22* 47* 43* 45* 28*1 .8
'29 * .35* 98* 88* 89* 42* 46*1 80
,25* 39* 85* 98* 83* 36* 42* 89*1 .8
.28* 36* 87* 83* 98* 42* 44* 90* 84*1 80
,55* 12 41* :35* 44* 97* .26* 42* 36* 431. 80
,.18* 20* 44* 40* 46* 23* 89* 44* 48* 45* 22*1 .0
.11 17 17 18 13 .16- .1 19 17 15 19 -. 02 1.88
&29# 26# 19 1? 15 16 - .8 28# 16 17 16 181 49*1. 89

,280 .22# 20* 21* 17 19 - 82 .22# 28# 19 20#1-.1 85* .85*1,80

•19 16 26* 21 .22# 14 115 27* 221 24* 14 1S 15 16 18 1 .0
.28*- 03 15 08 1a .24 12 13 .87 89 16 .8 12 15 15 54*1. 00

-;.14 t 05 -. 3 A2 -.87 84 .5 -.84 82 -.85 05 -. 15 -. 05 -. 10 07 07? 1.08

17 .9 28* 29* 27*.18 87 29* 28* 29* 22# 85 21#- 07 12 42* .18 -. 02 1.1

13 89 21* 19 .17 13 11 21# 20 .28# 13 13 85 01 87 49* 24# .1 .4

15 .2 27* 28# 2.41 17 .9 26* 20 27* 18 .11 38* 20# 38* 50* 17? -. 1 '

S6 -. 0-89 17-.18 - 16 .85 -. 18 -17 -. 13 -. 19# 03 -. 01 01 02 -. 08 -. 02 -.81 -*1

.8 81 04 11 82 13 -. 11 .4 .9 86 15 -.88 -093 - 4 -06 06 -. 1 -. e2 .2

13 06 .8 14 14 12 85 09 15 13 15 84 03 .4 @1 .5 .5 86 .1
95 -.8? - 22#-. 22#-. 25*-. -. 9 -23#-.22#-. 23-. 87 -1. a-.t 02 -.00 -. 16 -895 02
95 -1 -. 1 00- -2 o -.82 .8 .82 -.8 02 -.84 -1.3 -.08 -. 10 -. 11 -. 05 -. 80 -. •
85 67 22* 22* 24* 88 67 22# .22# 23# 88 11 .1 -. 02 .d1 19 84 -. 03 2

89 15 43* 36* 41* 16 25* 43* .37* 41* 16 25* 261-. 86 .1 31* 06 -88s
19 .17 33* 29* 3 * 18 17 34* .32* 34* 19 1? 23# 14 23# 34* 17 -. 09 "'

22# 28# 22# 12 2e# 14 11 211 .15 22# 15 97 27* 19# 28* 36* 27*-. 0 1
01 .1 7 -.81 .6 88 3 .5 -.82 84 86 88 .1 05 0.8 83 .7 45, ..

'li~~ ~~~~~ .. _ _ _ _ .. ~ ... . ...i .i . r .* -
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ricient adjusted for tied ranks.

26 27 28 29 38 31 32 33 34 35 36 37 ý8 39 48 41

1. IDS
54*1 .09
07? Q7 1 08
42* 18 - .2 1 .00
49* .24# 01 48*1.088
5* .5* 17 - 91 41* 61*1. 8

-0"8 -082 -. 01 -084 -. 03 81 1.88e
86 ".81 -082 83 88 -. 81 -. 92*1.8B
185 05 86 81 -082 -. 94 -71* 42*1. 80

-16 -085 82 -. 22#- 17 -11 18 -.. 3 -. 16 1. 86
I-t1 -. 05 -. 08 -. 01 - 09 16 -. 31* 2, .28* .83 1. 88

.19 084 -083 22# 18 14 -12 .87 11 -. 97*- .281.88 0
31* 86 188 4* .42* 38* 008 -86 ,."4 -. 43*-. 14 .46*1, 8

* 34* 17 -. 09 27* 47* 3?7- 05 -.01 .1V' -40*-. 88 .31* .67*1.80
| .36* 2?*-.81 28* 35* 38* 84 - 88 -.8k -18 -. 16 .18 .49* .57*1.88

83 87 45* 182 14 11 89 -089 -. 86 0.81 -.05 .81 -. 82 -. 85 .86 1. 8
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Matrix indicating the number

RESPONSE VARIABLE
NO. DESCRIPTION 1 2 3 4 5 6 7 8 9 1@

I S-AIRSICKNESS INDEX-UW 366
2 S-VOMITING INDEX-UW 366 366
3 S-P.DEGRADATION INDEX-UW 366 366 366
4 S-NERVOUSNESS INDEX-UW 366 366 366 366
5 S-MEDICATION INDEX-UW 366 366 366 366 366
6 S-AIRSICKNESS INDEX-W 366 366 366 366 366 366
7 S-VOMITING INDEX-W 366 366 366 366 366 366 366
8 S-P.DEGRADATION INDEX-W 366 366 366 366 366 366 366 366
9 S-NERVOUSNESS INDEX-W 366 366 366 366 366 366 366 366 366

,1 S-MEDICATION INDEX-V 366 366 366 366 366 366 366 366 366 366
11 I-AIRSICKNESS INDEX-UV 364 364 364 364 364 364 364 364 364 364 3
12 I-VOMITING INDEX-UW 364 364 364 364 364 364 364 364 364 364 3
13 I-P.DEGRADATION INDEX-UW 364 364 364 364 364 364 364 364 364 364 36.
14 I-NERVOUSNESS IDEX-Ut 364 364 364 364 364 364 364 364 364 364 36,
15 I-TURBULENCE INDEX-UW 364 364 364 364 364 364 364 364 364 364 36!
16 I-AIRSICKNESS INDEX-W 364 364 364 364 364 364 364 364 364 364 3
17 I-VOMITING INDEX-W 364 364 364 364 364 364 364 364 364 364 36i
18 I-PDEGRADATION INDEX-U 364 364 364 364 364 364 364 364 364 364 361
19 I-NERVOUSNESS INDEX-W 364 36" 364 364 364 364 364 364 364 364 36d
20 I-TURBULENCE INDEX-W 364 364 364 364 364 364 364 364 364 364 351
23 TMSQI-MS HISTORY PART 1 169 169 169 169 169 169 169 169 169 169 161
24 TMSQ2-MS HISTORY, PART 2 169 169 169 169 169 169 169 169 169 169 161
25 TMSQ3-MS HISTORYSUM 169 169 169 169 169 169 169 169 169 169 161
26 TSANX-STATE/ANX.QUEST. 167 167 167 167 167 167 167 167 167 167 101
27 TTANX-TRAIT/ANX.QUEST. 167 167 167 167 167 167 167 167 167 167 i
28 TBVDT-BVDT TIME OF DAY 169 169 169 169 169 169 169 169 169 169 Ic!
29 TBVDR-SVDT RATER 169 169 169 169 169 169 169 169 169 169 1

38 TBVDS-BVDT SELF-RATING 169 169 169 169 169 169 169 169 169 169 161
31 TBVDP-BVDT POST-RATIHG 162 162 162 162 162 162 162 162 162 162 16i

32 TVVSPI-VVIT STATIC-RIGHT 169 169 169 169 169 169 169 169 169 169 191
33 TVVSP2-VVIT STATIC-WRONG 169 169 169 169 169 169 169 169 169 169 lb,

34 TVVSP3-VVIT STATIC-OMIT 169 169 169 169 169 169 169 169 169 169 16
35 TVVDPI-VVIT DYNAMIC-RIGHT 169 19 169 169 169 169 169 169 169 169 1
36 TVVDP2-VVIT DYNAMIC-WRONG 169 169 169 169 169 169 169 169 169 169 16,

37 TVVDP3-VVIT DYNAMIC-OMIT 169 169 169 169 169 169 169 169 169 169 161
38 TVVIR-VVIT RATER 169 169 169 169 169 169 169 169 169 169 101
39 TVVIS-VVIT SELF-RATIHG 169 169 169 169 169 169 169 169 169 169
48 TVVIP-VVIT POST-RATING 169 169 169 169 169 169 169 169 169 169 161
41 TVVIT-VVIT TIME OF DAY 169 169 169 169 169 169 169 169 169 169 16,

S = STUDENT RESPONSE DATA UW = UNUEIGHTED RESPONSE INDEX

I a INSTRUCTOR RESPONSE DATA W = WEIGHTED RESPONSE INDEX



Table XIII

the number of data-pairs used in the calculation of the Table XII Spearman rank correlation coefficients.

RESPONSE VARIABLE 291

18 11 12 13 14 15 16 17 18 19 28 23 24 25 26 27 28

3"6

364 366
364 366 366
364 366 366 366
364 366 366 366 366

1 364 366 366 366 366 396
364 366 366 366 366 366 366
364 366 366 366 366 366 366 366
3,64 366 366 366 366 366 366 366 366
364 366 366 366 366 366 366 366 366 366
364 366 366 366 366 366 366 366 396 3966 366
1 69 169 169 169 169 169 169 169 169 169 169 174

169 169 169 169 169 169 169 169 169 169 169 174 174

1 69 J69 169 169 169 169 169 169 169 1r69 169 174 174 174

167 167 167 16? 167 167 167 167 167 167 16? 172 1?2 172 172
167 167 167 167 167 167 167 16? 167 167 167 172 172 172 172 172

169 1 69 169 169 169 169 169 169 169 169 169 174 174 174 172 172 174

W 169 169 169 169 169 169 16.9 169 1e9 169 169 174 174 174 172 172 174 174
169 169 169 169 169 169 169 169 169 169 169 174 174 174 172 172 174 174
162 161 161 161 161 161 161 161 161 161 161 166 166 166 164 164 166 166

169 *69 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173

169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173
S69 169 169 169 1 69 1 69 169 169 169 169 169 173 173 173 172 172 173 173169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173
169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 1 73
169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173
169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173
169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173
169 169 169 169 169 1 69 169 169 169 169 169 173 173 173 172 172 173 173

169 169 169 169 169 169 169 169 169 169 169 173 173 173 172 172 173 173

-1 -



elation coefficients.

26 27 28 29 30 31 32 33 34 35 36 37 38 39 48 41

172
172 172
172 172 174
172 172 174 174
172 172 174 174 174
164 164 166 166 166 166
172 172 173 173 173 165 174
172 172 173 173 173 165 174 174
172 172 173 173 173 165 174 174 174
172 172 173 173 173 165 174 174 174 174
172 172 173 173 173 165 174 174 174 174 174
172 172 173 173 173 165 174 174 174 174 174 174
1 72 172 173 173 173 165 174 174 174 174 174 174 174
172 172 173 173 173 165 174 174 174 174 174 174 174 174
172 172 173 173 173 165 174 174 174 174 174 174 174 174 174
172 172 173 173 173 165 174 174 174 174 174 174 174 174 174 174

37



77"¾

In the discussion that follows, reference generally will be made to only
those rank correlation coefficients that are statistically significant
to the .01 or better level.

The rank correlation coefficients shown in Table XII for the flight
indices show many significant intracorrelations among the 20 measures,
as would be expected. These intracorrelations follow, in general, those
observed with the previous squadron studies (3-5). In brief, high
correlations exist between the unweighted and weighted indices for both
the student- and instructor-based judgments; high correlations also
exist between the corresponding student and instructor response indices
for the airsickness, vomit, and performance degradation measures; the
correlations between the nervousness variables and the three airsickness-
related variables are generally in the low-to-moderate range; the corre-
lations between the severity of airsickness experienced and the number
of times vomiting occurred (e.g., between variables 6 and 7 for the
student data and variables 16 and 17 for the instructor data) are in the
high range; and thp -orrelations between the instructor-based turbulence
measures and the three airsickness-related measures are in the low-to-
moderate range, with the turbulence correlations being greatest for the
instructor-based airsickness measures.

The Table XII correlation matrix can also be used to determiine
relationships that existed between the flight data (variables 1 through
20) and the laboratory test scores (variables 23 through 41). Although
full evaluation of the relative merit of each test as a predictive
measure of airsickness susceptibility must await completion of the
entire data collection phase of the longitudinal study, a few points
will be discussed for this specific squadron population. First, for the
motion sickness case history data (variables 23-25), all three test
scores had low but significant correlations with the unweighted and
weighted student-based airsickness indices (variables 1 and 6); the sum
element of the test (variable 25) was also correlated in the low range
with the unweighted student-based vomit and perforiauce degradation
measures, the student-based weighted vomit measure, and with the unweighted
and weighted instructor-based airsickness and vomit measures; low correlations
for the other two components of the test occurred across some of the
same airsickness-related flight indices, but not to the extent of the
sum element. For the BVDT, all three rating scores (variables 29-31) had
low but significant correlations with the weighted instructor-based
performance degradation measure, and with all unweighted and weighted
airsickness indices from both the student and instructor data; the BVDT
rater score (variable 29) was similarly correlated with all of the vomit
and performance degradation indices; the BVDT self-rating score (variable
30) was correlated with the weighted airsickness, vomit, and performance
measures derived from the instructor data; and the BVDT post-rating
score (variable 31) was similarly related to the corresponding unweighted
instructor indices. In the case of the WIT (variables 38-40), low to
moderate correlations were noted for both the rater and self-rating
tests that extended across all of the airsickness, vomiting, and performance
degradation measures regardless of weight or student/instructor origin;
and similar correlations, generally of lower magnitude, existed between
the post-rating score and several of the airsickness-related measures



described above. The State/Anxiety Test (variable 26) showed low but
significant correlations with all of the airsickness-related flight
measures. In contrast, the Trait/Anxiety Test (variable 27) did not show
a significant relationship with any of the flight indices excepting the
student-based nervousness indices. Lastly, of the static and dynamic
performance test elements of the VVIT (variables 32-37), only two of the
test scores (variables 35 and 37) achieved significant correlations with
the airsickness-related flight dato,.

COMPARISON OF STUDENT PERFORMANCE: OLD VERSUS NEW VT-10 FLIGHT SYLLABUS

The first report (3) of the longitudinal. study dealt with a population
of VT-10 students who received flight training in an 18-hop syllabus
that differed considerably from the 20-hop syllabus flown by the VT-10
students of the present study. In the interest of identifying any
differences that may exist between the flight and laboratory test data
p)pioduced by the two populations, the Kruskal-Wallis one-way analysis of
variance test corrected for tied scores was applied to the related data.
The test results, shown in Table XIV, indicate significant differences
between the two populations for all of the flight measures with the one
exception of the medication usage variable. For all of the airsickness-
related flight measures (i.e., variables 1-3, 6-9, 11-13, and 16-18),
the mean scores received by the VT-1O students who flew the new syllabus
were higher than those received by the students who flew the old syllabus.
The nervousness and turbulence data also reflect the same differences in
the means for the two groups.

This higher incidence and severity of airsickness experienced under
the new syllabus flight conditions could be attributed to several factors
acting either singly or in combination. The most obvious factor would
be the change in the flight syllabus proper, with the new syllabus being
longer and possibly incorporating a more provocative series of motion-
stress hops. Another factor might be deduced from the turbulence data
of Table XIV which show that the instructors in the new syllabus program
rated roughness-of-air at a higher level than the instructors who directed
the old syllabus program. However, as has been emphasized in this
report and the previous reports of the series (3-5), this questionnaire
item cannot be considered to describe only atmospheric turbulence or
buffeting, since many of the instructors incorporated their estimate of
the magnitude of the flight forces produced on a given hop into their
judgments of turbulence. If the roughness-of-air data could be assumed
to be consistently related to the magnitude of the flight forces encoun-
tered during training, then the turbulence variables in Table XIV would
support the contention that the higher incidence of airsickness in the
new syllabus program was due in great part to a higher motion stress
associated with the syllabus proper.

However, a last factor that could contribute to the observed differ-
ences in the flight indices for the two squadrons would involve differences
between the two student populations relative to individual susceptibility
to airsickness. This factor would be reflected by differences between
the laboratory test scores listed in Table XIV. As indicated in this
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rable XIV

Results of a Kruskal-Wallis one-way analysis of variance comparison of the flight and labora-
tory data collected from the VT-IO student l)opulation who flew the old flight syllabus with
the same form of data collected from the VT-IO population who flew the new syllabus assocl-
ated with the present study.

---------------------------------... -.... .. .. ... .. .. ... ..- -..... .. ..- -. .. ... ...--.. .. ....

RESPONSE VARIABLE H VTI8-OLD SYLLABUS VTIt-NEU SYLLABUS

NO. DE SURIP IO STAT$IS71C MEAN S.DEV. S, ERR. N MEAN S. DEV S.ERR. N
------------ --------------------.., ... .. .... ...-... ... ..- - - .- -. ---... . . .-- - - - - - - - - - --. . . ... , .

I S-AIRSICKNESS INDEX-UW 27.12* 18.0 17.9 .9 391 26.8 22.1 1.2 366

2 S-VOMITING INDEX-UW 18,94* 7.8 12.4 .6 391 13.1 18.2 1.6 366
3 S-P.DEGRADATION INDEX-UW 11.93* 12.1 15,9 .8 391 16.6 18.9 Ile 366

4 S-NERVOUSNESS INDEX-UW 16. 68* 48 1 32. 1 1.6 391 49. 2 31. 7 1 .7 366

5 S-MEDICATION INDEX-UU 59 3.5 13. 5 ? 391 1. 0 ? 6 .4 366

6 S-AIRSICKNESS INDEX-W 23. 99* 9,9 18.4 5 391 12.? 11 .8 .6 366

? S-VOMITING INDEX-W 1957* 4. 2 7.2 4 391 7. 4 I1.1 .6 366

B S-P.DEGRADATION INIDEX-W 11.35* 6.8 S.? .4 391 7.9 9.7 .5 366

9 S-NERVOUSHESS INDEX-W 15,99* 17.2 15.,5 a 391 21.3 16.1 .8 366

18 S-MEDICATION INDEX-W .59 3.5 13.5 7 391 1 8 7.6 4 366

11 I-AIRSICKNESS INDEX-UW 19.83* 11.8 14,5 .? 391 17.6 19.e 1.9 366
12 I-VO1ITINC INDEXUW 22.51* 7. 5 12. 2 6 391 13, 1?,? 9 366

13 I-P.DEORADATION INDEX-UW 15.68* 8.5 12.3 .6 391 12.6 15.4 8 366

14 I-NERVOUSNESS I NDEX-UU 46 98* 20.7 1&,9 1 8 391 38.2 21.2 1 I 366
15 I-TURBULENCE 21DEX-UW .172* 28,3 15,7 9 391 25. 8 16.8 9 366

16 I-AIRSICKNESS INDEX-W 18a.81* 5.5 7.8 4 391 8.3 1.2 5 366

1? I-VOMITING INDEX-W 24.34* 3.9 7.8 .4 391 7,1 18,4 .5 366

18 I-P,DEGRADATICIN INDEX-U 15.55* 3,8 6,1 .3 391 5.4 7.1 .4 366

19 I-NERVOUSNESS INDEX-W 39,39* .,1 7.9 .4 391 11.4 9,5 .4 366

28 I-TURBULENCE INDEX-W 25,28* 18.1 8. 1 4 391 13,3 9. 1 .5 366

23 TMSQI-MS HISTORYPARTI 1 38 9,3 11.3 6 375 S.8 11,4 9 174

24 TMSQ2-MS HISTORY, PART 2 .84 6.9 9.? .5 375 7.8 9.3 .7 174

25 TMSQ3-MS HISTOkY SUM ,01 16.2 18.9 1 .8 375 15.8 18.9 1 .4 174

26 TSANX-STATE/ANX.QUEST. .29 32.2 18.6 I.8 105 38.6 9.1 .6 172

27 TTANX-TRAIT/ANX.,UEBT. .83 29,5 6,4 6 184 29,1 7 2 5 172

28 TBVDT-VDYT TIME OF DAY 5.8,82* 9.9 1,? .1 378 8.9 9 1 174

29 TBVDR-BVDT RATER .53 14.8 6.6 3 375 13.9 5,4 .4 174

38 TBVDS-BVST SELF-RATING 8.13# 14.5 6.7 .3 374 12.? 6.8 .5 174

31 TVYDP-BVDT POST-RATING .81 6.4 15.9 .8 352 3,3 7.8 .6 166
32 TVVSPI-VVIT STATIC-RIGHT .21 12 ,9 8. 5 .8 122 121. ? 7. 3 6 174

33 TVVSP2-VVIT STATIC-WRONG .17 5.5 5.3 .5 122 5.2 5.2 .4 174
34 TVVSP3-VVIT STATIC-OMIT .11 2,6 5.7 5 122 2 1 3. 4 .3 174

35 TVVDPI-VVIT DYNAMIC-RIGHT 12,?9* 66.1 29.4 2.? 122 79.2 31.8 2.4 174

36 TVVDP2-YVII DYNAMIC-WRONG .92 9.3 6. 9 6 122 10.4 7.? .6 174

37 TVVDP3-VVIT DYNAMIC-OMIT 15.06* 53.6 31 .2 2. 9 122 39,4 33. 2 2.5 174
38 TVVIR-VVIT RATER 9.660 18.1 9 .1 7 122 15.3 6 6 .5 174
39 TYVIS-VYIT SELF-RATING 16.94* 17,4 6. 9 6 122 14.0 6. 2 .5 174

48 TVVIP-VVIT POST-RATIHG 18.88* 11.3 19.1 1.7 121 13.8 ??.2 5.8 174
41 TYVIT-VVIT TIME OF DAY 3.18 19.6 2. 1 2 122 18.6 1 .2 1 174

S * STUDENT RESPONSE DATA UW - UNWEIGHTED RESPOASE INDEX
I * INSTRUCTOR RESPONSE DATA W - WEIGHTED RESPONSE INDEX
# - SIGNIFICANT BEYOND THE .8 LEVEL

m , SIGNIFICANT BEYOND THE .001 LEVEL
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table, statistically significant differences were observed for the BVDT
self-rating score, two of the dynamic perfurmance elements of the WIT,
and all three VVIT rating scores. The contention that the new syllabus
students were more susceptible to airsickness than the old syllabus
students would be supported by the WIT post-rating variable where the
mean is greater for the former group. However, for all of the remaining
tests found to be statistically different, the directional sense of the
mean scores is such that the student group flying the old syllabus would
be considered more susceptible to airsickness. Since the differences in
the mean values of most of the test scores are relatively small, it is
more probable that the airsickness differences described by the flight
indices are more closely allied with the change in syllabus proper
rather than gross differences in the two populations.
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APPENDIX A

Brief Description of Individul Hops Comprising the New Flight Syllabus for
Basic Training Squadron VT-10 That Was Phased in during the

1978-1979 Period
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ii: I

V't-1i (New Syllabus)

Basic SNFO
IB- Familiarization

steep turn stall, landing altitude stall, power off
stall wingover, aileron roll, minimum radius turn

B-2 Low Level/Visual Navigation:
Primarily straight and level flight. No acrobatics.

1B-3 Acrobatics:
break turn stall, approach turn stall, SAM break,
barrel roll, loop, one-half Cuban eight, Immelman,
split S

B-4 Format ion/ Familiarizationi Check Flight:
relative motion during rendezvous, tactical. wing
position and turns, combat: spread position and tur~ni

B-5,6,7,8 Instrument Navigation:
Primarily straight and level flight. No acrobatics.
(B-8 check flight)

Intermediate SNFO

I-I. Advanced Performance Maneuvers:
oscillatory and nonoscil.latory spins, maximum perform-
ance turn, vertical recovery

1-2,3 Basic Fighter Maneuvers:
abeam attack maneuver and defense, high yo-yo maneuver
and defense, low yo-yo maneuver and defense, displace-
ment roll, gunsight tracking

1-4,5,6,7 Instrument Navigation:
Primarily straight and level flight. No acrobatics.
(1-7 check flight)

1-8,9 T-39 Instrument Navigation:
Primarily straight and level flight. No acrobatics.
(1-9 check flight)

1-10,11,1.2 T-39 Visual Navigation:
Primarily straight and level flight. No acrobatics
(1-12 check flight)

The principal aircraft used in this training squadron was the T-2. The
T-39D aircraft was flown in Hops 1-8 through 1-12.

A-I
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APPENDIX B

Brief Description of Laboratory Tests Comprising the 1977-1978
Prototype Motion Sickness Sensitivity Test Battery
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Variable Symbol
No. Code Test Description

23 TMSQ1 Two-part motion sickness history form describing motion
24 TMSQ2 sickness incidence and exposure level. TMSQl sumnmar-
25 TMSQ3 izes the history before the age of 12 and has a mininum

value of 0.0 denoting no problems and a maximum value of
180 denoting high susceptibility. TMSQ2 pertains to
motion sickness experience following age 12 with the
same minimum and maximum values. TMSQ3 is the numerical
sum of the TMSQ1 and TMSQ2 scores. For details, see
Reason, J,. T., An investigation of some factors contrib-
uting to individual variation in motion sickness suscep-
tibility. FPRC Committee Report 1277. London: Ministry
of Defence, 1968.

26 TSANX This State-Trait Anxiety Inventory is comprised of two
27 TTANX self-report scales. The State Anxiety scale (TSANX)

reqires the individual to report how he feels at that
particular moment in time, while the Trait Anxiety Scale
(TTANX) requires the individual to report how he gener-
ally feels. Both scales have a minimum score of 20,
denoting minimum anxiety and a maximum score of 80 de-
noting maximum anxiety. For details, see Spielberger,
C. D., Gorsuch, R. L., and Lushene, R. E., STAI Manual
for the State-Trait Anxiety InventorX. Palo Alto, CA:

Consulting Psychologists Press, 1970.

28 TBVDT Brief Vestibular Disorientation Test (BVDT) involving
29 TBVDR cross-coupled angular acceleration stimuli produced by
30 TBVDS paced head motions on a rotating chair. TBVDT denotes
31 TBVDP the time of day the test was given based upon a 24-hour

decimal clock. TBVDR is the test score given by the
rating panel and has a minimum value of 6 denoting no
motion symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately follow-
ing the BVDT, each subject rated his own reactions to
the test coded as TBVDS with a minimum score of 7'indi-
cating no reaction and a maximum score of 49 denoting
high reaction. A report of aftereffects was obtained
from the subject 24 hours later and coded as TBVDP with

a minimum score of 0 denoting no aftereffects and a maxi-
mum score of 180 denoting a high level of aftereffects.
For details, see Lentz, J. M., Holtzman, G. L., Hixson,
W. C., and Guedry, F. E., Normative data for two short
tests of motion reactivity. NAMRL-1243. Pensacola, FL:
Naval Aerospace Medical Research Laboratory, 1977.

B-I
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Variable Symbol
No. Code Test Description

32 TVVSP1 These scores pertain to the task performance element of
33 TVVSP2 the Visual-Vestibular Interaction Test (VVIT). The tasks
34 TVVSP3 involve the visual scan, acquisition and identification

of a complex numerical display. Under static conditions,
TVVSPI denotes the number of correct responses, TVVSP2
the number of incorrect responses, and TVVSP3 the number
of omitted responses.

35 TVVDP1 The dynamic performance test 3cores TVVDPI, TVVDP2, and
3') TVVDP2 TVVDP3 describe the same response scores recorded while
37 TVVDP3 the subject undergoes passive sinusoidal rotation. For

both the static and dynamic performance tests, the mini-
,um scores within a given response category are 0 and

129, respectively, with the further condition that sum
of the correct, incorrect, and omitted scores must total
129. For details, see Lentz, J. M., Holtzman, G. L.,
Hixson, W. C., and Guedry, F. E., Normative data for two
short tests of motion reactivity. NAMRL-1243. Pensacola,
FL: Naval Aerospace Medical Research Laboratory, 1977.

38 TVVIR These scores pertain to the motion sickness symptom rat-
39 TVVIS ing element of the Visual-Vestibular Interaction Test
40 TVVIP (VVIT). TVVIR is the test score given by the rating
41 TVVIT panel and has a minimum value of 6 denoting no motion

sickness symptoms and a maximum value of 60 denoting a
maximal motion sickness reaction. Immediately following
the VVIT, each subject rated his own reaction to the test,
whicý was coded as TVVIS, with a minimum score of 7 de-

noting no reaction and a maximum score of 70 denoting
high reaction. A report of aftereffects was obtained
from the subject appriximately 24 hours later and coded
as TVVIP with a minimum score of 0 denoting no after-
effects. TVVIT denotes the time of day the test was ad-
ministered based upon a 24-hour decimal clock. For
details, see Lentz, J. M., Holtzman, G. L., Hixson, W. C.,
and Guedry, F. E., Normative data for two short tests of
motion reactivity. NAMRL-1243. Pensacola, FL: Naval
Aerospace Medical Research Laboratory, 1977.

B-2
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APPENDIX C

Normalized Cumulative Frequency Distribution of Flight Indices
and Laboratory Test Scores for the Squadron VT-10 Population

(New Syllabus)
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VOMIT I NG INOEX-UNWEIGHTEO (3-OATA) VOMITING INDEX-WEIGHTEO (5-DATA)
NORMALIZED CUWLATIVE FREIJENCY DISTRIBUTION NORWALIZED CUMULATIVE FREUIENCY DISTRIBUTION
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Figure C2

Normal ized cu nit l y.Ive fre(Luency dist r)lut) n is o) f ulw ighIted and we I gLt ed vomit Lind i ces Io I ow-
ing the Figure Ci format. The weighted student data (B) indicate t:hat approxinmaLely 47 percent N

of the students never vomited during flight training. A weighted Index of approximately 21.8
defined the upper deciLe for this distribution.

c- 2
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Igure 02

Norma lized cumul1ative frequency dlt rIbut Ionus of unwe ihlt. ed and weighted performance degrada-
t [on tndices fol lowing the Figure (:1 format. The weighted student data (B) indicate that
approximately 33 percent of the students reported never experiencing performrance degradation
due to airsickness during fLight training. A welghted index of approximateely 20.1 defined the

upper dectle for this dtstribution.
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NERVOUSNESS INOEX-UNE IGHTED (S-DATA) NERVOUSNSS INDEX-WE GHTEO 6--DATA)
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Fig'.ure Cli

Norma l ized cul at Live frer(IuoI.cy d1st ribultimnnH ot uflw(,IgIhtt(d alld we. Ighted oltvotllsii•ts Iidi.t'cs
FoLlown,, the Fipure CL formaL. The we Weighted sttudent data (IQ) fiud I ,ate limnt nlYv 7 percent
of the ,t.udent-s reported nueve r expe r lear-lag nervos.ivess prIior t(o or hilaiin g I 1 I ,ht. A
wel.hted Index of approximately 43.40 defiined the tipper d(l,' I 'for tli.ki l , sirlhiit lon.
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NEIICATION USAGE INDEX-UNWEIGHTED (S-DATA)
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ligure C5

Normal I zed c'imuInlt- lve frequency dist.ribut iotons of the student -derived medlct orn usiag, Index
(A) mnd tIhe instructor-derived unweighted (B) and welghtrted (C) turbuler no nd Ices. 'tHI t1Irdli-
cation data again emph;aslze the relatively smnall numlber of sntudents reporting the urse (of ;air-
sickness drugs during trainhig. 'I The turbulence (hrta, as compared to the other d diceos, molre
cLosely appro;nch a noormalI dist ribut ion.
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Figure G'10

Normalized cumulative frequency distributions of the three dynamic performance test sHcores

(irregular curves) associated with the Visual-Vestibular Interact ion lest (ViVT) and the

retated theoretical distribuLions (smooth curves) of Gassian populations with the smaie means

and standard deviations as those of the test scores.
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